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0 Magnetic recording/reproducing apparatus. 

0 A magnetic recording/reproducing apparatus of 
serpentine system capable of recording/reproducing 
a large amount of high density data at high speed 
with a tracking control for precisely positioning a 
combination head includes a combination head hav- 
ing a magnetic head conresponding to a magnetic 
tape fomied by a plurality of tracks arranged in 
parallel to one another in a direction in which the 
magnetic tape runs, and a light emitting unit dis- 
posed at a position confronting one side of the 
magnetic tape for emitting light in a widthwise direc- 
tion of the magnetic tape. The appratus also in- 
cludes a light receiving unit having a plurality of light 
<^ receiving elements disposed at a position confront- 
^ing the other side of the magnetic tape for receiving 
-ft the fight emitted from the light emitting unit such that 
lOthe light receiving unit are so disposed that outputs 
lOfrom the light receiving elements have a predeter- 
Q mined relation which governs the feedback control at 
0)a time when the magnetic head moved to a pre- 
W determined track position, and a head operating unit 
Q capable of moving the combination head in the 
widthwise direction of the magnetic tape. The ap- 
Sjparatus further has a slit plate fomied integrally with 
the combination head and having openings whose 
number is tfie same as the number of a plurality of 



tracks confronting the magnetic head in the width- 
wise end portion and tiie the other end portion of tiie 
magnetic tape. 

Fig. 2 ' 
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MAGNETIC RECORDiNGmEPRODUaNG APPARATUS 



BACKGROUND OF THE INVENTON 



1. Field of the Invention 

The present invention relates to a multi-track 
magnetic recording/reproducing apparatus Ythlch 
uses a magnetic tape having a reduced width as a 
recording medium. More particularly, the present 
invention relates to a magnetic 
recording/reproducing apparatus capable of pre- 
cisely recording/reproducing a large amount of data 
at high speed and the precise 
recording/reproducing being performed with a pre- 
cise tracking control maintained. 



2. Description of the Related Art 

The inventors know that a magnetic 
recording/reproducing apparatus, except the one 
having a rotary head, used for an audio device has 
the same numbers of the tracks and the recording 
heads or the same numbers of the reproducing 
heads and the recording heads in pairs. The 
above-described term "the number of the tracks" 
means the total number of data tracks formed in 
parallel to the direction in which the tape runs. The 
magnetic recording/reproducing apparatus of the 
above described type includes a device for restrict- 
ing the relative positions between the magnetic 
tape and the magnetic head. The restricting device 
has generally a guide post or the like, having a pair 
of flanges for guiding the two vertical ends of the 
magnetic tape so as to make it run toward the fixed 
magnetic head, is formed in a passage through 
which the magnetic tape runs. Thus, the vertical 
movement of the magnetic tape is restricted. 

On the other hand, a multi-track magnetic 
recording/reproducing apparatus used for a backup 
storage of an information processing system, so- 
called "a cassette streamer", employs a 
recording/reproducing system known as "a serpen- 
tine system". A conventional serpentine system 
has a pair of a recording head for recording and a 
reproducing head for reproducing the contents 
when a magnetic tape Is run in one direction and 
another pair of a recording head for recording and 
a reproducing head for reproducing th contents 
when the magnetic tape is run in the other direction 
so that it Is capable of corresponding to a plurality 
of tracks. In this system, information is succes- 
sively recorded or reproduced from tracks during 
th running of tiie magnetic tape in one direction or 
In the other direction instead of recording infonma- 



tion on a plurality of tracks of the magnetic tape 
simultaneously. At tite time of tiie above-described 
operation, the tracks are switched by moving the 
above-described two pairs of the recording heads 

5 and the reproducing heads, and the positioning of 
the magnetic tape to the position of a desired track 
Is simultaneously performed. There is a known 
device for restricting the relative positions between 
the head and tiie magnetic tape as disclosed in 

10 Japanese Patent Laid-Open No. 62-183019 in 
which , tiie positioning of the head is achieved in 
accordance witii an open loop control method with 
a stepping motor provided in which the restricting 
flanges are used in addition to the at)ove-described 

75 stiiicture. 

Recentiy. a combination head having a multi- 
heads has been developed in accordance with an 
advancement of a thin film magnetic head. There- 
fore, multi-track magnetic recording/reproducing 

20 apparatuses with further high density has been 
developed. The apparatus of the type described 
above is capable of recording information in a 
nanrow track widtii. causing an allowable off track to 
be reduced. Therefore, in order to operate a pre- 

25 cise tracking control, the device for restricting the 
relative positions between tiie tape and tiie head 
has an additional structure which foHowup-controls 
tiie magnetic head with respect to ttie waving 
movement of the magnetic head. The added struc- 

30 ture is a head moving device for moving the mag- 
netic head in the widtiiwise direction of a tape in 
addition to the above-described mechanism in 
which the flanges are provided for the purpose of 
restricting the vertical movement of tfie magnetic 

35 tape. 

The apparatus of the type described above is 
exemplified by a fixed-head digital audio tape re- 
corder which has the same numbers of ttie record- 
ing heads and the tracks or the same numbers of 

40 tiie reproducing heads each of which forms a pair 
with the above-described recording heads and tiie 
tracks. The apparatus of the type described above 
is arranged, as disclosed in the Trans. lECE Japan 
EA83-56, Trans. lECE Japan EA81-64 and tiie 

45 Sharp Engineering Report 1984-28. a servo-only 
track formed on the magnetic tape is traced by two 
parallel reproducing heads disposed in the width- 
wise direction of the tape so as to compare and 
followup-control the reproduction output therefrom 

50 for restricting tiie relativ positions between tiie 
magnetic head and the magnetic tape. 

Another device for restricting the relative posi- 
tions between tiie tape and ttie head has been 
disclosed in Japanese Patent Publication No. 68- 
64811 in which a stmctur for magnetically detect- 



2 



3 



EP0 390 555 A2 



4 



ing th relativ positions between an end portion of 
the magnetic tape and the magnetic head is pro- 
vided for a magnetic recording/reproducing appara- 
tus arranged to have the same number of the 
heads and the tracks. 

However, the device for restricting the relative 
positions between the tape and the head has a 
guide post having flanges which restrict the vertical 
movement of the magnetic tape by contacting the 
vertical ends of the magnetic tape with the flanges 
of the guide post. Therefore. If a magnetic tape 
having a width which is larger than the distance 
between the upper flange and the lower flange is 
driven, the mechanical stresses act upon the two 
vertical ends of the magnetic tape and cause the 
two vertical ends of the magnetic tape to be 
damaged. Therefore, the restriction width In the 
above-described restricting device is limited to sev- 
eral tens of iim, because the end portions of the 
magnetic tape must be protected from the damage. 
Consequently, in a high density magnetic 
recording/reproducing apparatus in which the al- 
lowable offtrack is arranged in the range from ten 
and several urn to several tens of um, the above- 
described structure in which the movement of the 
magnetic tape is restricted by the flanges or the 
like cannot correspond to the above-described al- 
lowable offtrack. 

When a higher recording density is desired, 
the width of tiie track of the magnetic tape can be 
reduced by reducing the width of the track of the 
magnetic head. However, the reduction in the track 
pitch involves a certain limit since the integration of 
the thin film head is limited to a certain degree. 
Furtiienmore, an increase in the number of the 
heads causes the size of the circuit to be enlarged 
and the overall cost is tiiereby risen. Therefore, a 
high density magnetic recording/reproducing ap- 
paratus which is provided with the pitch of the 
tracks is several tens of um and the several tens to 
hundreds of tracks cannot employ the same num- 
ber of tiie heads and the tracks. 

On the other hand, the multi-track magnetic 
recording/reproducing apparatus so-called a cas- 
sette streamer and employing the conventional ser- 
pentine system is an-anged to record/reproduce 
information on tiie multiplicity of tiie tracks by 
moving tiie magnetic head in tiie widtiiwise direc- 
tion of ttie magnetic tape. Therefore, tiie 
recording/reproducing can be operated by moving 
tiie magnetic head in several times even if the 
track pitch is reduced and the number of tiie tracks 
is increased. Therefore, tti integral n of tii tiiin 
film head does not ncounter a problem. 

Howev r. the track widtfi necessarily becom s 
several tens of um when th track pitch is made 
several tens of um. Therefore, tiie allowable of- 
ftrack also becomes ten and several um to several 



tens of um. It leads a fact that tiie device for 
restricting tiie relative positions between the tape 
and \hQ head, in which the restriction by means of 
ttie flanges or the like and the open loop control by 
5 using the stepping motor are performed, does not 
correspond to tiie above-described allowable of- 
ftrack. 

It might ttierefore be considered feasible to 
employ a structure for overcoming the above-de- 

10 scribed problem in terms of the allowable offtrack, 
tiie structure being arranged such tiiat the relative 
positions between ttie magnetic head and ttie mag- 
netic tape is detected by a sensor and the head 
operating device is feed-back controlled by a de- 

75 tection signal so ttiat tiie magnetic head Is tracking- 
controlled. 

However, if the above-described tracking con- 
trol of several um is desired to be achieved, a 
mechanism for supporting the magnetic head, a 

20 power source for the magnetic head, a mechanism 
for transmitting power to the magnetic head, and a 
sensor for detecting the relative positions between 
the magnetic tape and the magnetic head must be 
constituted precisely. However, the conventional 

25 head operating device has a complicated structure 
and a large dead zone since it includes the power 
source utilizing a rotary motor such as the stepping 
motor, a mechanism for converting the rotational 
motion of the rotary motor into a linear motion, a 

30 bearing supporting mechanism and the like. There- 
fore, a desired control accuracy cannot be ob- 
tained. Furthermore, since a mechanism for sup- 
porting tiie magnetic head by means of parallel leaf 
springs is employed in the conventional structure, a 

35 feedback control witii an excellent gain cannot be 
obtained easily due to an influence of the secon- 
dary resonance. The secondary resonance takes 
place because the magnetic head is secured to 
either of the leaf springs or because the hnecha- 

40 nism for supporting tiie magnetic head is con- 
nected to the above-described mechanism for con- 
verting tiie rotational motion of the power source 
for tiie magnetic head into tiie linear motion. 

Furttiermore, if tiie tracking control by means 

45 off ttie servo track of the type employed in ttie 
above-described fixed-head digital audio tape re- 
corder is operated in accordance witii ttie serpen- 
tine mettiod, a multi-servo tracks must be provided 
and problems in terms of a recording density on 

50 ttie servo track arise. Therefore, even if the method 
of ttiis type is employed, the high density recording 
cann t be btaled satisfactorily. 



55 SUMMARY OF THE INVENTION 

An object of ttie present invention is to provide 
a magnetic recording/reproducing apparatus of a 
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serpentine system capable of 
recording/reproducing a large am unt of high den- 
sity data at high speed with a tracking control for 
precisely positioning a combination head. The ap- 
paratus of the present invention is capable of 
r^rding/reprodudng the data without providing 
flanges for restricting the relative positions between 
the magnetic tape and the magnetic head and 
without a servo track on the magnetic tape. 

The object of the invention can be achieved by 
a magnetic recording/reproducing apparatus of ser- 
pentine system capable of recording/reproducing a 
large amount of high density data at high speed 
with a tracking control for precisely positioning a 
combination head includes a combination head 
having a magnetic head corresponding to a mag- 
netic tape formed by a plurality of tracks arranged 
in parallel to one another in a direction in which the 
magnetic tape runs, a light emitting unit disposed 
at a position confronting one side of the magnetic 
tape for emitting light in a widthwise direction of 
the magnetic tape, a light receiving unit having a 
plurality of light receiving elements disposed at a 
position confronting the other side of the magnetic 
tape for receiving the nght emitted from the light 
emitting unit such that the light receiving unit are 
so disposed that outputs from the light receiving 
elements have a predetenmined relation which gov- 
erns the feedback control at a time when the mag- 
netic head moved to a predetermined track posi- 
tion, and a head operating unit capable of moving 
the combination head In the widthwise direction of 
tiie magnetic tape. 

Preferably, ttie combination head includes the 
light receiving elements whose number is the same 
as ttie number of the plurality of tiie ti-acks at end 
portion and at tiie ottier end portion in the wldtii- 
wise direction of ttie magnetic tape, tiie light re- 
ceiving elements disposed at the end portion are 
arranged in parallel witti light receiving elements 
disposed at the otiier portion in a pair oonrespond 
to a predetermined track of tiie magnetic tape. 

Furttiermore, tiie light emitting unit is disposed, 
at a position which confronts ttie light receiving 
elements via two end portions of the magnetic 
tape. 

The light receiving unit may preferably is 
formed integrally witii ttie combination head and 
has a first light receiving element of a light receiv- 
ing area Sai and a second light receiving element 
of a light receiving area Sbi witii a relation of Sbi 
^ n X Sai where n represents a positive integer, 
and th predetermined relation is Ebi = m x Eai 
where m represents a positive integer satisfying 1 
5 m ^ n and differs in accordance with each of 
relative positions between the magnetic head and 
tiie plurality of tracks in a movable range of ttie 
magnetic head. 



More preferably, tiie light receiving unit is 
form d Integrally on the combination head and has 
n pieces of light receiving elements f Dai to Dan 
with tiie same width in a direction in which ttie 
5 magnetic tape runs, where n represents a positive 
integer satisfying the relation of n ^ 3. a direction 
of tiie widthwise end portion of tiie magnetic tape 
is an-anged to be - Y direction and a direction of 
tiie otiier end portion of ttie magnetic tape is ar- 
10 ranged to be + Y direction, tiie light receiving 
elements Dai to Dan are disposed in the - Y 
direction as well as in a direction in which ttie 
magnetic tape runs, ttie - Y directional end portion 
of ttie light receiving element Dai Is positioned in 
76 tiie - Y direction by ttie largest degree among the 
light receiving elements of Dai to Dan. a - Y 
directional end portion of ttie light receiving ele- 
ment Dan is disposed at the n-th order in tiie - Y 
direction when ttie light receiving element Dai is 
20 arranged as tiie first light receiving element, and 
assuming ttiat i represents a positive integer sat- 
isfying the relationship 1 i I ^ n - 1. a pitch 
between a - Y directional end portion of tiie i-th 
light receiving device DaJ and a - Y directional end 
25 portion of the i + 1-th light receiving device Dai^i 
Is di, and tiie light receiving devices Dai to Da„ 
hold relative positions di = d when i ^ 2 and di = 
(i - 2) X d when 3 ^ i :S n - i, and tiie light receiving 
elements Dai to Dan are disposed such ttiat an 
30 output difference between two of ttie light receiving 
elements Dai to Dan due to light emitted from the 
light emitting unit becomes an output from a light 
receiving element at a time when the magnetic 
tape moved to an optional track position with re- 
35 spect to the - Y directional end, and a relation 
among outputs from tiie tiiree light receiving ele- 
ments differes in accordance with each of relative 
positions between the magnetic tape and the com- 
bination head. 

40 The light emitting unit may preferably be dis- 
posed at a position confronting tiie light receiving 
devices Dat to Dan witti tfie - Y directional end of 
the magnetic tape disposed therebetween, and ttie 
predetermined relation is formed among the three 
45 light receiving elements. 

The object of the invention can be also 
achieved by a magnetic recording/reproducing ap- 
paratus of serpentine system capable of 
recording/reproducing a large amount of high den- 
so sity data at high speed witti a tracking control for 
precisely positioning a combination head includes 
a combination head having a magnetic head cor- 
responding to a magnetic tape formed by a plural- 
ity of ti'acks arranged in parallel to one anotiier in a 
55 direction in which the magnetic tape mns. a slit 
formed integrally witti ttie combination head and 
having openings whose number is the same as ttie 
number of a plurality of tracks confronting the 
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magnetic head in the widlhwise end portion and 
the other end portion of the magnetic tape, a light 
emitting unit disposed in a position confronting one 
side of the magnetic tape and capable of emitting 
light through an end portion in a widthwise direc- 
tion of the magnetic tape, a light receiving unit 
having a plurality of light receiving elements dis- 
posed at a position confronting the other side of 
the magnetic tape for receiving the light emitted 
from the light emitting unit such that the light 
receiving unit are so disposed that outputs from the 
light receiving elements have a predetermined rela- 
tion which governs the feedbacl< control at a time 
when the magnetic head moved to a predeter- 
mined track position, and a head operating unit 
capable of moving the combination head in the 
widthwise direction of the magnetic tape. 

Preferably, the light receiving unit is fomned 
independentiy from the combination head and the 
light receiving elements are disposed at a position 
which confronts the opening of the slit plate formed 
at the end portion, and the openings are placed in 
parallel with the opening at the other end portion in 
the widthwise direction of the magnetic tape to one 
another with the openings in a pair correspond to a 
predetermined track of the magnetic tape. 

The slit plate may preferably has openings at 
the end portion and the openings at the other end 
portion so disposed that outputs from the light 
receiving elements due to light emitted from the 
light emitting unit via a pair of opening correspond- 
ing to the track and to the two widthwise end 
portions of the magnetic tape establish the pre- 
determined relationship. 

Preferablyi the light emitting unit is disposed at 
a position confronting the light receiving element 
via the two widtiiwise end portions of the magnetic 
tape and the slit plate. 

Furthenmore, the combination head is support- 
ed between free ends of two parallel leaf springs, 
one end-portion of one of the parallel leaf springs 
being secured and the other one end-portion tiiere- 
of formed the free end. 

The head operating unit may include a voice 
coil type linear motor, and a magnetic circuit of the 
voice coil type linear motor is closed in a direction 
of tiie combination head and in a direction of the 
magnetic tape. 

Preferably, the apparatus furtfier includes a 
movable portion connected to the coil and dis- 
posed between the free ends, the movable portion 
having the combination head and a supporting 
member for supporting the combination head and 
capable of synchronizing with a movement of the a 
coil of the voice coil type linear motor so as to 
make power of the voice coil type linear motor 
pass through a portion in the vicinity of the center 
f gravity of the movable portion. 



The apparatus may further include detection 
unit for optically detecting the relative position be- 
tween the combination head and eitiier on or botii 
of widthwise directional edges of tiie magnetic 

5 tape, and the detecting unit outputs a signal which 
controls a switching operation of the tracks and the 
relative position between the magnetic tape and the 
combination head. 

Preferably, the combination head is disposed 

10 at a position confronting the side of the magnetic 
tape and has a first opening of an opening Sa2 and 
a second opening of an opening area Sb2 which 
are integrally formed with the combination head. 
The slit plate may be disposed tiie otiier side 

1Q In which the opening area Sa2 and the opening Sb2 
holds tiie relationship Sb2 ^ n x Sa2. where n 
represents a positive integer, and the light receiv- 
ing unit formed independentiy from tfie combina- 
tion head is disposed at a position confronting the 

20 other side of the magnetic tape and has a first light 
receiving element corresponding to the first open- 
ing and a second light receiving element corre- 
sponding to the second opening. 

The first opening and tiie second opening are 

25 preferably disposed to the widthwise end portion of 
ttie magnetic tape, and an output Ea2 from the first 
light receiving element and an output Et>2 from tiie 
second light receiving element holds the relation- 
ship Et>2 = m X Ea2 where m represents a posi- 

30 tive integer satisfying the relation of 1 i m ^ n and 
differing in accordance with each of relative posi- 
tions between the magnetic head and the plurality 
of tracks in a range in which the magnetic head 
can move. 

35 Furthenmore, the emitting unit is disposed at a 
position confronting the first light receiving element 
and tiie second light receiwng element with the slit 
plate and tiie widtiiwise end portion of the mag- 
netic tape disposed tiierebetween, and a feedback 

40 control of the apparatus is controlled by the first 
and second openings having a relation of Eb2 = m 
X Ea2 in accordance with the output Ea2 and tiie 
output Eb2. 

More preferably, tiie slit plate has n pieces of 
45 opening Ai to An having the same widtii in a 
direction in which the magnetic tape runs on the 
other side of the magnetic tape where n represents 
a positive integer satisfying the relation of n ^ 3, 
and n pieces of light receiving elements Dbi to Dbn 
50 respectively corresponding to the openings At to 
An are independentiy formed with respect to the 
c mbination head on the one side of the magnetic 
tape, a directin of th widthwise end portion of the 
magnetic tape is arranged to t)e - Y direction and a 
55 direction of the other end portion of the magnetic 
tape is arranged to be + Y direction, the opening 
Ai to An are disposed in a - Y direction and in tiie 
direction in which tiie magnetic tape runs when a 
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direction of the widthwise end portion of tiie mag- 
netic tape is arranged to be - Y direction and a 
direction of the other end portion of the magnetic 
tape is arranged to be + Y direction, a - Y direc- 
tional end portion of ttie opening Ai is positioned in 
tiie - Y direction by the largest degree among tiie 
opening Ai to A„, an - Y directional end portion of 
the openings An is disposed at tiie n-th order in the 
- Y direction when tiie opening Ai is selected as 
tiie first opening, assuming tiiat i represents a 
positive integer satisfying ttie relation of 1 i i ^ n - 
1. a pitch between a - Y directional end portion of 
tiie i-th opening Ai and a - Y directional end 
portion of the - + l-th opening Ai + 1 is di, tiie 
openings Ai to A„ hold the relative positions di = 
d when i S 2 and di = (i - 2) x d when 3 5 I S n - 
1. the openings Ai to A„ are disposed such that an 
output difference between two of the light receiving 
elements Dbi to Db„ due to light emitted from tiie 
light emitting unit becomes an output from a light 
receiving element at a time when tfie magnetic 
tape moved to an optional track position with re- 
spect to tiie - Y directional end, and a relation 
among output from the tfiree light receiving ele- 
ments differs In according witii each of relative 
positions between tiie magnetic tape and the com- 
bination head. 

Preferably, tiie light emitting unit is disposed at 
a position confronting the light receiving devices 
Dbi to Db„ witii tiie - Y directional end of the 
magnetic tape disposed therebetween, and the S 
predetemiined relation is an output relation among 
tiie tiiree light receiving elements due to light emit- 
ted from tiie light emitting unit via tiie - Y direc- 
tional end of tiie magnetic tape and the openings 
At to A„. 

According to a magnetic recording/reprodudng 
apparatus according to tiie present invention, when 
data on a predetermined track of a magnetic tape 
is reproduced, a combination head is operated by 
a head operating unit so that a predetermined 
magnetic head of ttie combination head is moved 
to a position of tiie predetermined track of ttie 
magnetic tape. In accordance with tills movement, 
a first and a second light-receiving device integrally 
provided witii tiie combination head are simulta- 
neously moved. As a result of tiie above-described 
movement, tiie light receiving surface of tiie sec- 
ond light-receiving device is shielded at an end 
portion of the magnetic tape, causing ttie quantity 
of received light emitted from light emitting unit to 
be changed. Accordingly to tiie present invention, a 
light-receiving area Sai of tiie first light-receiving 
device and a light-receiving area Sbi of the second 
light-receiving device hold a relationship Sbi ^ n x 
Sai (where n represents a positive integer) . The 
first light-receiving -device and ttie second light- 
receiving device are positioned such that an output 



level Eai from tiie first light-receiving device due to 
incident light from ttie light emitting unit and an 
output level Ebi from tiie second light-receiving 
device due to tiie Incident light from the light 

5 emitting unit hold a relationship Ebi = m x Eai (1 
^ m 5 n, where m represents a positive integer) 
when ttie magnetic track moved to an optional 
track position. Furthermore, ttie above-described 
numeral m con'esponds to each of ttie relative 

70 positions between a predetemnlned magnetic head 
of ttie combination head and a plurality of ttie 
tracks positioned in tiie range in which the mag- 
netic head can be moved, ttie numeral m being 
arranged to become different in accordance witii 

75 each of tiie above-described relative positions. 
Therefore, ttie head operating unit operates a feed- 
back control by calculating tiie output levels Eai 
and Ebi from the corresponding tiie first and the 
second light-receiving devices so as to make tiie 

20 output levels Eai and Ebi establish a relationship 
Ebi = m X Eai which includes the numeral m 
conresponding to the relative positions between ttie 
above-described magnetic head and ttie tracks. As 
a result, ttie relative positions l)etween the mag- 

25 netic head and ttie tracks are followup-controlled so 
that tiie relative positions are maintained as de- 
sired. 

Accordingly a followup track control of about 
several um and a track switching operation of 

30 about hundreds of um to several um can be op- 
erated by a head operating unit Therefore, a large 
amount of data can be precisely magnet- 
recorded/reproduced from on several tens to hun- 
dreds of tracks whose pitch is several tens of um. 

35 The accuracy of positioning the first and the 
second light-receiving devices can be achieved 
satisfactorily since the above-described two de- 
vices are manufactured by a semoconductor tech- 
nology, and an accurate position sensor can be 

40 manufactured. 

In the magnetic recording/reproducing appara- 
tus according to tiie present invention, when data 
on tiie predetermined track of a magnetic tape is 
reproduced, ttie combination head is operated so 

45 tiiat a predetermined magnetic head is moved to a 
predetermined track position. In accordance witti 
ttiis movement, a slit plate integrally formed with 
ttie combination head is simultaneously moved. As 
a result of ttiis movement, tiie light receiving sur- 

50 face of ttie second light-receiving device is shield- 
ed in the periphery of the second opening formed 
in ttie slip plate, causing the quantity of received 
light emitted from light emitting unit to be changed. 
According to th present invention, a light-receiving 

55 area Sas of tiie first opeing form d in tiie slit plate 
and a light-receiving area Sb2 of the second open- 
ing hold a relationship Sb2 S n x Sa2 (where n 
represents a positive integer). The first light-receiv- 
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ing device corresponding to th first opening and 
the second iight-receiving device con^sponding to 
the second op ning are formed independently from 
the combination head on the opposite side of the 
silt plate confronting the ma&netic tape. Further- s 
more, the first opening and the second opening are 
positioned such that an output level Eaz from the 
first light-receiving device due to incident light from 
the light emitting unit and an output level Eba from 
the second light-receiving device due to the in- io 
cident light from the light emitting unit hold a 
relationship Eb2 = m x Ea2 (1 ^ m i n. where m 
represents a positive integer) when the magnetic 
tracic moved to an optional track position. Further- 
more, the above-described numeral m conresponds ts 
to each of the relative positions between a pre- 
determined magnetic head of the combination head 
and a plurality of the tracks positioned in the range 
in which the magnetic head can be moved, the 
numeral m being arranged to become different in 20 
accordance with each of the above-described rela- 
tive positions. Therefore, the head operating unit 
performs a feedback control by calculating the out- 
put levels Ea2 and Eb2 from the con-esponding first 
and the second light-receiving devices so as to 25 
make the output levels Ea2 and Eb2 establish a 
relationship Eb2 = m x Ea2 which includes the 
numeral m conresponding to the relative positions 
between the above-described magnetic head and 
the tracks. As a result, the relative positions be- so 
tween the magnetic head and tiie tracks are 
followup-controlled so that tiie relative positions 
between them is maintained as desired. 

Accordingly, a large amount of data can be 
precisely magnet-recorded/reproduced similarly to 35 
tiie above-described magnetic 

recording/reproducing apparatus. 

The accuracy at the time of positioning the first 
and ttie second openings in the slit plate can be 
achieved satisfactorily since tiie above-descrit)ed 40 
two openings are manufactured bye an etching 
technology, and an accurate position sensor can be 
manufactured. 

According to a magnetic 

recordsing/reproducing apparatus according to tiie 4S 
present invention, when data on a predetermined 
track of a magnetic tape is reproduced, a combina- 
tion head is operated by a head operating unit so 
tiiat a predetermined magnetic head of tiie com- 
bination head is moved to a position of the pre- so 
determined track of tfie magnetic tape. In accor- 
dance witii this movement, n (where n ^ 3 and n 
represents a positive integer) pieces of light-receiv- 
ing devices Dai to Da„ integrally provided with ttie 
combination head are simultaneously moved. As a 55 
result of the above-described movement the light 
receiving surface of all of tiie light receiving de- 
vices Dai to Da„ or a predetermined light receiving 



device of the same is shielded at tiie end portion in 
tiie Y-direction of the magnetic tap , tiiat is, at a 
widttiwise end of tiie magnetic tape, causing tiie 
quantity of received light emitted from light emit- 
ting unit to be changed. 

According to tiie present invention, the end 
portion in the - Y direction of tiie above-described 
light receiving device Dai is positioned at ttie most 
- Y directional end among the light receiving de- 
vices Dai to Dan. Furtfiermore, the light receiving 
device Da„ is tiie n-tti light receiving device in ttie - 
Y direction when counted witii letting ttie light re- 
ceiving device Dai be ttie first light receiving de- 
vice. Assuming tiiat the pitch between ttie - Y 
directional end of tiie light receiving device Dai (1 
^ i £ n- 1, where i represents a positive integer) 
and that of tiie light receiving device Dai*i is di 
and tfie width of each of the tracks of the magnetic 
tape is d. ttie light receiving devices Dai to Da„ 
has the positional relationship: 
di = d when i ^ 2 
di = (i - 2) X d when 3 ^ i S n- 1 
The light receiving devices Dai to Dan are posi- 
tioned so as to make ttie difference in ttie output 
between optional two light receiving devices of tiie 
light receiving devices Dai to Da„ due to incident 
light from light emitting unit becomes tiie same as 
another optional light receiving device when the 
magnetic head moved to an optional track position 
witii respect to the - Y directional end of the 
magnetic tape. Furthermore, the relationship 
among ttie outputs from the above-described three 
light receiving devices is aranged to be different in 
accordance witti the relative positions between ttie 
magnetic tape and the combination head. There- 
fore, ttie head operating unit operates a feedback 
control by calculating ttie outputs from ttie ttiree 
light receiving devices corresponding to the relative 
positions between tiie magnetic tape and ttie com- 
bination head so as to make ttie difference in the 
output between ttie predetermined two light receiv- 
ing devices ttie same as ttie otiier light receiving 
device. As a result, ttie relative portions between 
ttie magnetic head and tiie tracks are followup- 
controlled so ttiat ttie relative positions between 
them is maintained as desired. 

According to a magnetic recording/reproducing 
apparatus according to tiie present invention, when 
data on a predetermined track of a magnetic tape 
is reproduced, a combination head is operated so 
that a predetermined magnetic head is moved to a 
position of ttie predetermined track. In accordance 
witii tills movement, a slit plate integrally provided 
with the combination head is simultaneously 
moved. As a result of ttie above-described move- 
ment, the light receiving surface of all of the light 
receiving devices Dai to Da„ or a predet rmined 
light receiving device of tiie same is shielded at a 
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periphery of each of openings Ai to A„, causing 
the quantity of received light emitted from light 
emitting unit to be changed. 

According to the present invention, th end 
portion in the - Y direction of the at>ove-described 
opening Ai Is positioned at the most - Y directional 
end among the openings Dai to 03,,. Furtiiemnore, 
opening An is the n-th light receiving device in the - 
Y direction when counted with letting the opening 
Ai be the first opening. Assuming that the pitch 
between the - Y directional end of tiie opening A| (1 
S i ^ n- 1. where i represents a positive integer) 
and ttiat of the opening Ai+i is di and the widtfi of 
each of the tracks of the magnetic tape is d, 
openings Ai to A„ has the positional relationship: 
di = d when i ^ 2 
di = (i - 2) X d when 3 S i ^ n- 1 
The openings Ai to A„ are positioned so that the 
difference in the output between optional two light 
receiving devices of the light receiving devices Dai 
to Dan due to incident light from light emitting unit 
becomes the same as another optional light receiv- 
ing device when the magnetic head moved to an 
optional track position witti respect to the - Y direc- 
tional end of the magnetic tape. Furtiiermore, the 
relationship among the outputs from the above- 
described three light receiving devices is arranged 
to be different in accordance with the relative posi- 
tions between the magnetic tape and the combina- 
tion head. Therefore, ttie head operating unit op- 
erates a feedback control by calculating the out- 
puts from ttie three light receiving devices cor- 
responding to tiie relative positions between the 
magnetic tape and tiie combination head so as to 
make ttie difference in the output between the 
predetermined two light receiving devices the same 
as the other light receiving device. As a result, tiie 
relative positions t)etween tiie magnetic head and 
tiie tracks are followup-controlled so tiiat the rela- 
tive positions between them is maintained as de- 
sired. 

The accuracy of positioning the openings At to 
An in the slit plate can be achieved satisfactorily 
since ttiey are manufactured by an etching technol- 
ogy, and an accurate position sensor can be manu- 
factured. 

According to a magnetic recording/reproducing 
apparatus according to tiie present invention, when 
data on a predetermined track of a magnetic tape 
is reproduced, a combination head is operated by 
head operating unit so ttiat a predetermined mag- 
netic head of the combination head is moved to a 
position of tiie predetermined track of ttie magnetic 
tape. In accordance witii tiiis movement a plurality 
of light receiving devices integrally provided witti 
the combination head are simuftaneously moved. 
As a result of the above-descrit)ed movement, the 
light recehnng surface of a light receiving device 



group at an end portion corresponding to th 
above-described predetermined track and a pair of 
light receiving devices at another end of the same 
is shielded by the two widthwise ends of the mag- 
5 netic tape, causing the quantity of received light to 
be changed. 

According to tiie present invention, a corre- 
spondent relationship is established between tfie 
light receiving devices of the light receiving device 
70 group at tfie one end and the light receiving de- 
vices of ttie light receiving device group at ttie 
other end. Furtiiermore, conrespondent relation- 
ships are established between a pa'r of the cor- 
responding light receiving devices and a predeter- 
is mined track. Furtiiermore. ttie light receiving de- 
vices of the light receiving device group at the one 
end and tiie light receiving devices of the light 
receiving device group at tiie other end are posi- 
tioned so as to make the output from each of the 
20 pair of the light receiving devices corresponding to 
tiie track has a certain relationship when the mag- 
netic track moved to an optional t^ck position. 
Therefore, ttie head operating unit operate a feed- 
back confrol such ttiat the output from each of tiie 
25 pair of ttie light receiving devices corresponding to 
the track due to incident light from light emitting 
unit via the two widthwise end portions of the 
magnetic tape has a certain relationship when the 
magnetic head moved to an optional track position. 
30 As a result, the relative positions between the mag- 
netic head and tiie tracks are followup-controlled so 
ttiat tiie relative positions between them is main- 
tained as desired. 

The accuracy at the time of positioning the 
35 light receiving devices can be achieved satisfac- 
torily since they are manufactured by a semicon- 
ductor technology, and an accurate position sensor 
can be manufactured. 

According to a magnetic recording/reproducing 
40 apparatus according to the present invention, when 
data on a predetennined ttack of a magnetic tape 
is reproduced, a combination head Is operated so 
that a predetermined magnetic head is moved to a 
position of the predetermined track. In accordance 
45 witti ttiis movement, a slit plate integrally provided 
with ttie combination head is simultaneously 
moved. As a result of ttie above-described move- 
ment, a plurality of openings formed in the slit plate 
are also and simultaneously moved. Therefore, 
50 light is made incident through the opening group at 
an end portion which corresponds to the predeter- 
mined track and a pair of openings of the opening 
groups at another end upon the light receiving 
devices which correspond to these openings. 
55 According to the present invention, a conre- 
spondent relationship is established between the 
openings at the end portion and those at tiie other 
end portion. Furttiemnore. conrespondent relation- 



8 



15 



EP 0 390 555 A2 



16 



ships are established between a pair f the cor- 
responding openings and a predet rmined track. 
Furthermore, the openings of the opening group at 
the one end and the openings of the opening group 
at the other end are positioned so as to establish a 
certain relationship when the magnetic head moved 
to an optional track position, the relationship being 
the relationship between the outputs from the pair 
of the light receiving devices due to light made 
Incident via the pair of openings conresponding to 
the track and the two widthwise end portions of the 
tape. Therefore, the head operating unit operates a 
feedback control such that the output from each of 
the pair of the light receiving devices correspond- 
ing to the above-described two openings due to 
incident light from light emitting unit via the two 
widthwise end portions of the magnetic tape has a 
certain relationship when the magnetic head of the 
combination head moved to an optional track posi- 
tion. As a result, tfie positional relationship between 
tiie magnetic head and ttie tracks are followup- 
controlled so that tiie positional relationship be- 
tween them is maintained as desired. 

The accuracy at tiie time of positioning tiie 
plurality of openings in the slit plate can be 
achieved satisfactorily since they are manufactured 
by an etching technology, and an accurate position 
sensor can be manufactured. 

When the magnetic tape is allowed to run in a 
direction, a plurality of recording heads capable of 
recording data on tiie magnetic tape act to have 
data recorded on a plurality of tracks of the mag- 
netic tape. Then, the magnetic tape is allowed to 
run In another direction, a plurality of recording 
heads capable of recording data on the magnetic 
tape act to have data recorded on another plurality 
of tracks of ttie magnetic tape. 

Then, tiie combination head is moved in the 
widthwise direction of tiie magnetic tape by a dis- 
tance of an integral multiple of the track pitch so as 
to cause the combination head to similarly perform 
tiie recording operation. Then, tiie above-described 
operation is repeated. The reproduction operation 
is arranged to be operated similarly to the record- 
ing operation. 

According to tiie present invention, a voice coil 
type linear motor is used as tiie head operating 
unit. Therefore, tiie combination head can be op- 
erated without encountering problems in terms of a 
dead zone and of a frictional load. A servo control 
can be operated precisely witii a satisfactory re- 
sponse achieved. Furthermore, the power of the 
voice coil type linear motor is arranged to be 
transmitted in the vicinity of tiie center of gravity of 
a movable portion which has a support member 
disposed between two free ends of two parallel leaf 
springs whose end portions are secured and tiie 
other end portions form free ends, and the com- 



bination head. Therefor . tii influence of tiie sec- 
ondary resonance can be reduced and the preci- 
sion of the above-d scribed servo control can be 
improved. 

5 Furthermore, the leakage flux from the voice 
coil type linear motor Influencing the combination 
head and the magnetic tape can be reduced by 
closing a magnetic circuit of the voice coil type 
linear motor in the direction to the combination 

70 head and tiie magnetic tape. 

In addition, since tiie relative positions between 
tiie combination head and the tape edge can be 
optically detected and it is feed-backed to tiie head 
operating unit by a signal from tiie sensor, tiie 

76 combination head can be precisely positioned. 
Therefore, tiie necessity of recording tiie servo 
track for detecting tiie relative positions between 
the combination head and the magnetic tape on the 
magnetic recording medium can be eliminated. 

20 That is, a combination head having recording 
heads and reproducing head each of whose num- 
ber is smaller than tiie number of tiie tracks on the 
magnetic tape can be precisely positioned. As a 
result, the recording/reproducing large amount of 

25 high density data can be recorded/reproduced at 
high speed In accordance with the serpentine 
method. 

Since the combination head is supported be- 
tween free ends of two parallel leaf springs whose 

30 end portions are secured and the other end por- 
tions fomn free ends, the operation of the combina- 
tion head can be servo-controlled with an influence 
of the secondary resonance of the supporting 
mechanism for the combination head eliminated. 

05 Furtiiermore. tiie use of the voice coil type linear 
motor as the head operating unit will cause a servo 
control to be achieved with the dead zone and the 
friction load satisfactorily eliminated. Furthermore, 
the voice coil type linear motor arranged td operate 

40 tiie portion In tiie vicinity of the movable portion 
including tiie combination head will improve the 
above-described effect. 

Furtiiermore. since the relative positions be- 
tween the combination head and the tape edge can 

45 be optically detected and it Is feed-backed to tiie 
head operating unit by means of a sensor signal, 
tiie combination head can be precisely positioned. 

Furtiier objects and advantages of the present 
invention will be apparent from tiie following de- 

50 scription of the preferred embodiments of the in- 
vention as Illustrated in tiie accompanying draw- 
ings. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic front elevational view of 
the magnetic tape and the combination head for a 
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magnetic recording/reproducing apparatus accord- 
ing to the pr sent invention: 

Rg. 2 is a front levational view which illus- 
trates the relative positions among a magnetic 
tape, a combination head and a light receiving 
device: 

Fig. 3a Is a schematic plan view which illus- 
trates the relative positions among the magnetic 
tape, the combination head and the light-receiving 
device; 

Rg. 3b is a front elevational view which 
illustrates the relative positions among the mag- 
netic tape, tiie combination head and the light- 
receiving device; 

Rg. 4 is a front elevational view which illus- 
trates the relative positions among the magnetic 
tape, the light receiving device of tiie combination 
head, tiie reference opening and an opening for 
detecting the positional relationship; 

Rg. 5a is a schematic plan view which illus- 
trates tiie relative positions among the magnetic 
tape, the combination head, a light-receiving device 
and a slit plate: 

Rg. 5b is a front elevational view which 
illustrates tine relative positions among the mag- 
netic tape, tiie combination head, a light-receiving 
device and a slit plate; 

Rg. 6 is a front elevational view which illus- 
trates tiie relative positions among tfie magnetic 
tape, the combination head and tiie light receiving 
device; 

Rg. 7a is a schematic plan view which illus- 
trates ttie relative positions among the magnetic 
tape, tiie combination head and tiie light-receiving 
device; 

Rg. 7b is a front elevational view which 
illustrates the relative positions among ttie mag- 
netic tape, tiie combination head and tiie light- 
receiving device; 

Rg. 8 is a front elevational view which illus- 
trates tiie relative positions among ttie magnetic 
tape, ttie combination head, the light receiving de- 
vice and openings formed in the slit plate; 

Rg. 9a is a schematic plan view which illus- 
trates ttie relative positions among the magnetic 
tape, the combination head, the light-receiving de- 
vice holding member and tiie slit plate: 

Rg. 9b is a front elevational view which 
illustrates ttie relative positions among ttie mag- 
netic tape, the combination head, ttie light-receiv- 
ing device holding member and the slit plate: 

Rg. 10 is a front elevational view which 
illustrates ttie relative positions among the mag- 
netic tape, ttie combination head and ttie light 
receiving device; 

Rg. 11a is a schematic plan view which 
illustrates ttie relative positions among the mag- 
netic tape, the combination head and the light- 



receiving device holding member; 

Rg. lib is a front elevational view which 
illustrates ttie relative positions among ttie mag- 
netic tape, ttie combination head and the light- 
5 receiving device holding member; 

Rg. 12 is a front elevational view which 
illustrates tiie relative positions among tiie mag- 
netic tape, tfie combination head, tiie light-receiv- 
ing device and openings formed In the slit plate; 
70 Rg. 13a is a schematic plan view which 

illustrates ttie relative positions among ttie mag- 
netic tape, ttie combination head, the light-receiv- 
ing device holding member and the slit plate; 

Rg. 13b is a front elevational view which 
J5 illustrates the relative positions among the mag- 
netic tape, the combination head, ttie light-receiv- 
ing device holding member and ttie slit plate; 

Rg. 14 is a perspective view which illustrates 
the magnetic tape in non-loaded stale: 
20 Rg. 15 is a perspective view which illustrates 

tiie magnetic tape in loaded state; 

Rg. 16 illustrates ttie structure of a ti-acking 
control; 

Rg. 17 illustrates the transfer function of the 
25 spring system of the parallel leaf spring supporting 
structure shown in Rgs. 14 and 15; and 

Rg. 18 illustrates ttie transfer function of the 
spring system when ttie combination head and tiie 
holder are not disposed between tfie parallel leaf 
30 springs witii the axis of abscissa representing fre- 
quencies and tiie axis of ordinate representing 
gains. 

DESCRIPTION OF THE PREFERRED EIVIBODI- 
35 MENTS 

A first embodiment of the present invention will 
now be described with reference to Figs. 1 to 3. 
A magnetic recording/reproducing appariatus 

40 according to the present invention is to record and 
reproduce data in accordance witti a serpentine 
metiiod in which magnetic heads whose number is 
smaller than ttie number of ttie tracks of ttie mag- 
netic tape used. First, ttie serpentine mettiod which 

45 is used for tiie recording/reproducing apparatus 
according to the present invention will be described 
witti reference to Rg. 1. Referring to Rg. 1. it is 
assumed ttiat the direction in which a magnetic 
tape 11 runs is X and tiiat ttie widttiwise direction 

50 of ttie magnetic tape 11 is Y. A track group 12 is 
fomied on ttie magnetic tape 11. the track group 
12 having 16 tracks Ti to Tie in tiie direction Y at 
tiie same pitch a. A combination head 13 having 
four recording heads Wi to W* and reproducing 

55 heads Ri to R4 which are integrally formed and 
disposed so as to correspond to the above-de- 
scribed track group 12. The recording heads Wi to 
Wi are in parallel provided In ttie direction Y at the 
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same pitch b (b = 4a). while the reprodudng 
heads Ri to are disposed in parallel in direction 
X or - X in such a manner that they fonn pairs with 
the con-esponding recording heads Wi to W*. The 
recording heads Wi to W* and the reproducing 
heads Rt to which form the pairs are aitemately 
disposed in the direction Y. 

When data is recorded or reproduced, the 
above-described combination head 13 is first 
moved to a position shown in Rg. 1. That is, it is 
moved to a position so as to make the center of 
the recording head Wi and that of the reproducing 
head Ri coincide with the center of the track Ti , 
the center of the recording head W2 and that of the 
reprodudng head R2 coindde with the center of 
the track Ts, the center of the recording head Wa 
and that of the reprodudng head R3 coindde with 
the center of the track T9, and the center of the 
recording head W* and that of the reprodudng 
head R4 coindde with the center of the track T13. 
Then, while maintaining the established relative po- 
sitions, the magnetic tape 11 is allowed to run in 
the direction X when data is recorded so that data 
is simultaneously recorded on the tracks Ti and T9 
by using the recording head Wi and W3. When the 
recording to tfie tape-end has been completed, the 
magnetic tape 11 is allowed to run in the - X 
direction so that data is simultaneously recorded 
on the tracks Ts and Ti 3 by using the recording 
heads Wz and W*. After the recording to the tape- 
end has been completed, the combination head 13 
is moved in the - Y direction by a distance a so 
tiiat the center of the recording head Wi and that 
of the reproducing head Ri coincide with the cen- 
ter of the track T2. While the established relative 
positions maintained, the magnetic tape 11 is again 
allowed to run in ttie direction X so that data is 
recorded on the tracks T2 and T10 by using the 
recording heads Wi and Wa. After recording to ttie 
tape-end has been completed, the magnetic tape 
1 1 is then allowed to run in the direction - X so that 
data is recorded on tfie tracks Ts and Tu by using 
tfie recording heads W2 and W^. Similarly, data is 
recorded on all of tfie tracks Ti to Tis. According 
to this embodiment, since tiie number of tiie re- 
produdng heads and the number of the recording 
heads are respectively arranged to be four with 
respect to the 16 tracks, the relative positions be- 
tween the magnetic tape 11 and tiie combination 
head 13 become four positions. 

Now. a tracking control device of tfie magnetic 
recording/reprodudng apparatus according to ttie 
present invention will be described with reference 
to Rgs. 2 and 3. 

As shown in Rgs. 2, 3a and 3b, tiie magnetic 
recording/reprodudng apparatus includes the com- 
bination head 21 having a light-receiving device 
holding member 22 formed integrally witfi tfie com- 



bination head 21. 

A magnetic tape 23 has a track group 24 
constituted by tti 48 tracks Ti to T^s formed in 
the direction Y at ttie same pitch as shown in Rg. 

5 2. According to tiiis embodiment, width C of the 
magnetic tape 23 is an'anged to be 1/4 inch and 
the track pitch is an^anged to be 120 um. 

The combination head 21 indudes 8 recording 
Jieads Wi to Ws and reproducing heads Ri to Ra 

70 which are integrally formed with the combination 
head 21. The recording heads Wi to Ws are dis- 
posed in tfie direction Y at a pitch of 720 um, while 
the reprodudng heads Ri to Rs are disposed in 
tfie direction X or - X witti forming pairs with the 

75 corresponding recording heads Wi to Ws. The 
recording heads. Wi to Ws and ttie reprodudng 
heads Ri to Rs which form pairs are aitemately 
disposed in ttie direction Y. When the magnetic 
tape 23 Is allowed to run in the direction X. the four 

20 recording heads Wi, W3, Ws and W7 of the com- 
bination head 21 perform ttie recording, while the 
magnetic tape 23 is allowed to run in the direction - 
X, ttie four recording heads W2, W*. We and Ws 
perform tiie recording. Furtfiermore. whenever tfie 

26 magnetic tape 23 reciprocates once, ttie combina- 
tion head 21 is moved in the direction - Y so that 
tiie combination head 21 is positioned at 6 relative 
positions witti respect to ttie magnetic tape 23. As 
a result, all of ttie 48 tracks Ti to T^s area sub- 

30 jected to ttie data recording/reproducing. 

Furttienmore. ttie light-receiving device holding 
member 22 has a reference outputting light receiv- 
ing device 25a serving as a first light receiving 
device and a light receiving device 25b for detect- 

35 ing ttie relative position and serving as a second 
light receiving device are formed at positions cor- 
responding to the - Y directional end portion of the 
magnetic tape 23. The light receiving devices 25a 
and 25b can be moved in accordance with the 

40 movement of the combination head 21 in the i Y 
directions since the light-receiving device holding 
member 22 Is integrally formed with the combina- 
tion head 21, The light receiving surface of the light 
receiving device 25a is arranged such ttiat its Y 

45 directional width el is 120 um which is ttie same 
wldtti as that of the tracks Ti to T48 while its X 
directional widtti is f witti which a sufficient output 
level can be obtained. The. light receiving device 
25b is formed near the light receiving device 25a 

50 and ttie light receiving device 25b has a light 
receiving surface whose X directional widtti is ar- 
ranged to be f and whose Y directional widtti 02 is 
arranged t>e a proper value holding the relationship 
02 a 720 um. The output level for a unit area of ttie 

55 two light receiving devices 25a and 25b are ar- 
ranged to be the same. The reference-outputting 
light receiving device 25a is positioned such ttiat it 
Is not concealed by ttie magnetic tape 23. The light 
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receiving device 25b for detecting the relative posi- 
tions are provided such that it - Y directional end 
appears from the - Y directional end of the mag- 
netic tape 23 when the recording head Wi and the 
reproducing head Ri are at the' track position Ti. 
Furthenmore, it is structured such that its light 
receiving area appearing from the magnetic tape 
23 becomes enlarged in accordance with the 
movement of the combination head 21 in the direc- 
tion - Y. When the combination head 21 moved to 
each of the relative positions with respect to the 
magnetic tape 23, output Eat from the light receiv- 
ing device 25a and output Ebi from the light re- 
ceiving device 25b hold the following relationship: 
Ebi = m X Eai (1 ^ m. where m represents a 
positive integer) 

The above-described numeral m represents the 
each of the relative positions between the repro- 
ducing head Ri of the combination head 21 and 
the plurality of tracks Ti to Tg positioned in a range 
in which the reproducing head Ri can move, the 
numeral m can tie a different value in accordance 
with each of the relative positions. That is. accord- 
ing to this embodiment, for example, when the 
recording head Wi moved to the positions of the 
tracks Ti, T2, T3, T*, Ts and Te, the each of the 
following relationships is established: Ebi = Eai. 
Ebi = 2Eai, Ebi = 3Eai, Ebi = 4Eai, Ebi = 
5Eai and Ebi = 6Eai. 

The light receiving devices 25a and 25b are 
connected to head operating unit (omitted from 
illustration). The head operating unit feedback-con- 
trols the combination head 21 in the ± Y directions 
so as to make outputs Eai and Ebi from the light 
receiving devices 25a and 25b to hold the relation- 
ship Ebi = m X Eai. As a result, the relative 
positions between the magnetic tape 23 and the 
combination head 21 are held at predetermined 
positions as described above. 

As shown in Rgs. 3a, 3b. light emitting unit 26 
capable of emitting Rght of a sufficient quantity to 
the light receiving devices 25a and 25b is disposed 
in a portion confronting the light receiving devices 
25a and 25b with the - Y directional end of the 
magnetic tape 23 disposed therebetween. 

When all of the tracks Ti to T+s including the 
tracks Ti. T13. T2S. and T37 are subjected to the 
data reproduction operation of the magnetic 
recording/reproducing apparatus structured as de- 
scribed above, the combination head 21 is op- 
erated by the head operating unit so that tiie re- 
producing head Ri and the track Ti. the reproduc- 
ing head Ra and the track T13. the reproducing 
head Rs and the track T25 and the reproducing 
head R7 and the track T37 are moved to the 
conresponding relative positions with respect to the 
magnetic tape 23. At this time, tiie head operating 
unit moves the combination head 21 so as to make 



the output Eai from the light receiving device 25a 
and tiie output Ebi from the light r ceiving device 
25b hold the following relationship: 
Ebi = Eai 

6 Furttiennore, the head operating unit make the 
combination head 21 follow tiie weaving of the 
magnetic tape 23 so tiiat tiie relative positions 
between tiie magnetic tape 23 and the combination 
head 21 are maintained. Therefore, the relative 

70 position between tiie combination head 21 and tiie 
magnetic tape 23 can be held conrectly. In this 
state, when the magnetic tape 23 is allowed to run 
in tiie X direction, the data on tiie tracks Ti. T13. 
T25 and T37 are reproduced by the reprodudng 

75 heads Ri, R3. Rs and R7. When tiie reproduction 
to ttie end portion of the magnetic tape 23 has 
been completed, tfie magnetic tape 23 is allowed 
to run in the - X direction so that the each data on 
tiie tracks T7. Tig. T31 and T43 is reproduced by 

20 tiie reproducing heads R2. R4. Rc and Ra respec- 
tively. 

When data reproduction for one reciprocation 
has been completed, tiie combination head 21 is 
moved by tiie head operating unit to tfie relative 

25 position of the magnetic tape 23 at which the 
reproduction head Ri corresponds to the track T2, 
the reproduction head R3 corresponds to tiie track 
Ti*. tiie reproduction head Rs conresponds to the 
track T26 and tfie reproduction head R7 corre- 

30 spends to tiie track T38. At this time, ttie head 
operating unit moves the combination head 21 so 
as to make tiie output Eai from tiie light receiving 
device 25a and the output Ebi from the light re- 
ceiving device 25b to hold tiie following relation- 

35 ship: 

Ebi = 2Eai 

When the magnetic tape 23 is allowed to run in ttie 
X direction, data on the tracks T2, Ti*. T26 and Tas 
is reproduced by the reproducing heads Ri , R3. "Rs 

40 and R7. Then, tiie magnetic tape 23 is allowed to 
run in tiie - X direction so tiiat each data on the 
tracks Ta. T2o. T32 and T** is reproduced respec- 
tively. Then, tiie similar operation is repeated until 
the magnetic tape 23 is reciprocated 6 times so 

45 ttiat data on all of tiie tracks Ti to T^a is repro- 
duced. The above-described operation is similariy 
applied to the recording operation. 

In general, the output from the light receiving 
device such as a photo-diode and that from the 

50 light emitting unit such as a light emitting diode 
can be easily changed due to the influence of the 
ambient temperature. However, the tracldng control 
device according to this embodiment is structured 
such that the output Ebi from the light receiving 

55 device 25b for detecting the relative position is an 
integer multiple of tiie output Eai from the 
reference-outputting light receiving device 25a at 
each of tiie relative positions t)etween tiie magnetic 
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tape 23 and the combinat'on head 21. Therefore, 
the position control can be stably controlled without 
an influence of temperature. 

The positions of the light receiving devices 25a 
and 25b are not limited to the above-described 
description in which they are disposed at tiie - Y 
directional end of the magnetic tape 23. Anottier 
structure may be employed in which they are dis- 
posed at tiie + Y directional end of the magnetic 
tape 23, In this case, the area of appearance of the 
light receiving surface of the light receiving device 
25b is decreased In accordance with the movement 
of the combination head 21 in the direction - Y. 
This structure may also be applied to the following 
embodiments. 

A second embodiment of the present invention 
will be described with reference to Rgs. 4 and 5. 
The elements having the same functions as those 
shown in the aforesaid embodiment are given the 
same reference numerals and their descriptions are 
omitted. 

As shown in Rgs. 4, 5a and 5b, the magnetic 
recording/reproducing apparatus according to tiiis 
embodiment includes a combination head 21 for 
recording/reproducing data from the magnetic tape 
23, \he combination head 21 having a slit plate 27 
integrally fonned witti tiie combination head 21. 
The structure of ttie magnetic tape 23 and tiiat of 
the combination head 21 can be tfie same as those 
according to tiie first embodiment. 

A light-receiving device holding member 22 is 
disposed to tiie side of tiie slit plate 27 opposite to 
tiie side confronting the magnetic tape 23. the 
light-receiving device holding member 22 being 
formed independentiy from the combination head 
21 and tiie slit plate 27. The light-receiving device 
holding member 22 has a reference-outputting light 
receiving device 28a serving as the first light re- 
ceiving device and a light receiving device 28b for 
detecting tiie relative position and serving as ttie 
second light receiving device at a position cor- 
responding to the - Y directional end of the mag- 
netic tape 23. ttie light receiving devices 28a and 
28b being disposed in the direction X. The large 
portion of ttie light receiving surface of tiie light 
receiving device 28a and tiiat of 28b are positioned 
in tiie direction - Y by larger degrees than tfie - Y 
directional end of tiie magnetic tape 23. The light 
receiving surface of tiie light receiving device 28a 
and ttiat of 28b are anranged such tfiat tiie X 
directional widtti 1h is larger than the X directional 
widtti f of a reference opening 27a and that of an 
opening 27b for detecting ttie relative position. On 
ttie otiier hand, ttie Y directional widtii Iv is larger 
tiian ttie Y directional widtti ea of an opening 27b 
for detecting ttie relative position. The output levels 
for a unit area of tiie two light receiving devices 
28a and 28b are arranged to be the same. The 



above-described slit plate 27 has ttie referenc 
opening 27a serving as ttie first op ning and an 
opening 27b for detecting ttie relative position and 
serving as ttie second opening. The reference 
5 opening 27a is arranged such ttiat its Y directional 
opening widtti el is 120 urn which is the same 
width as ttiat of ttie tracks Ti to T^s while its X 
directional opening widtii is f with which a sufficient 
output level can be obtained. The opening 27b for 
10 detecting the relative position is formed near the 
reference opening 27a and it has ttie X directional 
width of f and whose Y directional widtti ea has a 
proper value holding the relationship ea ^ 720 am. 
The reference opening 27a is positioned such that 
75 it is not concealed by ttie magnetic tape 23. Fur- 
thermore, when the reference opening 27a moved 
in the direction Y in accordance witii the movement 
of the combination head 21 in ttie direction Y. it is 
arranged so as to exist within tiie light receiving 
20 surface of ttie light receiving device 28a for all of 
the movement range of the reference opening 27a. 
The opening 27b for detecting ttie relative positions 
is provided such ttiat it - Y directional end appears 
from the - Y directional end of ttie magnetic tape 
25 23 when ttie recording head Wi and ttie reproduc- 
ing head Ri are at ttie track position Ti. Further- 
more, it Is structured such tiiat its opening area 
appearing from the magnetic tape 23 becomes 
enlarged and the appearance area of tiie light 
30 receiving surface of the light receiving device 28a 
is increased in accordance witii tiie movement of 
ttie combination head 21 in the direction - Y and 
the appearance area of tiie light receiving surface 
of the light receiving device 28a is increased. 
35 When ttie combination head 21 moved to each of 
tiie relative positions wrth respect the magnetic 
tape 23. output Eaz from ttie light receiving device 
28a due to light which passed through the refer- 
ence opening 27a and output Eba from tiie light 
40 receiving device 28b due to tight which passed 
through ttie opening 27b for detecting the relative 
position have tiie following relationship: 
Eb2 = m X Ea2 (1 5 m, where m represents a 
positive integer) 
45 The above-described numeral m represents tine 
each of the relative positions between, for example, 
the reproducing head Ri of the combination head 
21 and the plurality of tracks Ti to Ts positioned in 
a range in which the reproducing head Ri can 
50 move, the numeral m can be a different value in 
accordance with each of the relative positions. That 
is, according to this embodiment, when the reconj- 
ing head Wi moved to. for example, ttie positions 
of ttie ti-acks Ti . T2, T3. T*. T5 and Te, ttie each of 
55 the following relationships is stablished: Eba = 
Ea2, Eb2 = 2Ea2. Ebi = 3Eaa. Eb2 = 4Ea2. Eba 
= 5Ea2 and Eb2 = 6Ea2. 

The light receiving devices 28a and 28b are 
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connected to h ad operating unit (omitted from 
illustration). The head operating unit feedback-con- 
trols the combination head 21 in the ± Y directions 
so as to make the outputs Eaa and Ebg from the 
light receiving devices 28a and 28b to hold the 
relationship Eb2 = m x Ea2. As a result, the 
relative positions between the magnetic tape 23 
and the combination head 21 are held at a pre- 
determined positions as described above. 

As shown in Rgs. 5a, 5b, tiie light emitting unit 
26 is disposed in a portion confronting the refer- 
ence opening 27a and the opening 27b for detect- 
ing the relative position in the slit plate 27 with tiie 
- Y directional end of the magnetic tape 23 dis- 
posed therebetween. 

When ail of the tracks Ti to T48 including tiie 
tracks Ti, T13, T2S. and T27 are subjected to the 
data reproduction operation of the magnetic 
recording/reproducing apparatus structured as de- 
scribed above, the combination head 21 is op- 
erated by tiie head operating unit so that the re- 
producing head Ri and tiie track Ti, the reproduc- 
ing head Fb and ttie track T13, tiie reproducing 
head R5 and the tirack T25 and ttie reproducing 
head R? and the track T37 are moved to the 
corresponding relative positions with respect to the 
magnetic tape 23. At this time, the head operating 
unit moves the combination head 21 so as to make 
the output Ea2 from the light receiving device 28a 
and the output Eb2 from the light receiving device 
28b hold tiie following relationship: 
Eb2 = Ea2 

Furtiienmore, the head operating unit make tiie 
combination head 21 follow the weaving of ttie 
magnetic tape 23 so tiiat tfie relative positions 
between the magnetic tape 23 and the combination 
head 21 are maintained. In tiiis case, when tiie 
magnetic tape 23 is allowed to run in the X direc- 
tion, the data on the tracks Ti, T13, T2S and T37 
are reproduced. On the other hand, when the mag- 
netic tape 23 is allowed to run in the - X direction, 
the data on the tracks T7, Tis, T31 and T43 are 
reproduced. 

When data reproduction for one reciprocation 
has been completed, the head operating unit 
feedback-controls to move the combination head 
21 so as to make ttie output Ea2 from tiie light 
receiving device 28a and ttie output Eb2 from ttie 
light receiving device 28 establish ttie following 
relationship: 
Eb2 = 2Ea2 

When ttie magnetic tape 23 is allowed to run in tiie 
X direction, each data on ttie tracks T2. Ti*. T2S 
and T38 is reproduced respectively. Then, tiie 
magnetic tape 23 is allowed to run in the - X 
direction so tiiat each data on the tracks Ts. T20, 
T32 and Ti* is reproduced respectively. Then, tiie 
similar operation is repeated so that data on all of 



tiie tracks Ti to T*8 is reproduced. The above- 
described operation Is similarly applied to tiie re- 
cording operation. 

According to this mbodiment, the control is 

5 performed such ttiat the quantity of light made 
incident upon the light receiving devices 28a and 
28b after it passed ttirough the - Y directional end 
of tiie magnetic tape 23, tiie reference opening 27a 
and tiie opening 27b for detecting ttie relative 

10 position is detected and tiie output Eb2 from the 
light receiving device 28b becomes an integer mul- 
tiple of the output Ea2 from tiie light receiving 
device 28a. Therefore, tiie tracking control similar 
to tiie first embodiment can be perfomned. Accord- 

16 ing to tiiis embodiment since the structure is ar- 
ranged such that ttie slit plate 27 is moved togettier 
witti the combination head 21. the weight of tiie 
movable portion can be reduced in comparison to 
ttie first embodiment 

20 Similariy to tiie first embodiment, the position 
control can be stably controlled witiiout an influ- 
ence of temperature. 

Then, a ttiird embodiment of tiie ti^cking con- 
trol device of a magnetic recording/reproducing 

25 apparatus according to the present invention will be 
described with reference to Rgs. 6 and 7. 

As shown in Rgs. 6, 7a and 7b, ttie magnetic 
recording/reproducing apparatos includes a com- 
bination head 21 for recording/reproducing data 

30 from a magnetic tape 23. the combination head 21 
having a light receiving device holding memt)er 29 
formed integrally witti the combination head 21. 

The above-described magnetic tape 23 has 
the-track group 24 constituted by ttie 48 tracks Ti 

35 to Tis formed in ttie Y direction at the same pitch 
as shown in Rg. 6, According to this embodiment 
widtfi C of the magnetic tape 23 is arranged to be 
1/4 inch and the track pitch is arranged to be 120 
um. 

40 The combination head 21 includes 8 recording 
heads Wi to Wa and reproducing heads Ri to Ra 
which are integrally fomned witii the combination 
head 21. The recording heads Wi to We are dis- 
posed in ttie Y direction at a pitch of 720 um, while 

45 ttie reproducing heads Ri to Ra are disposed in 
ttie X or - X direction witii forming pairs witti ttie 
con^esponding recording Wi to Ws. The recording 
heads Wi to Ws and the reproducing heads Ri to 
1^ which fonnn pairs are alternately disposed in ttie 

50 Y direction. When the magnetic tape 23 is altowed 
to run in the X direction, the four recording heads 
Wi, Wa, Ws and W7 of ttie combination head 21 
perform the recording, while the magnetic tape 23 
is allowed to run in tiie - X direction, ttie four 

55 recording heads W2, W*. Ws and We perform ttie 
recording. Furtiienmore, whenever the magnetic 
tape 23 reciprocates once, the combination head 
21 is moved in ttie - Y direction so ttiat ttie com- 
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bination head 21 is positioned at 6 relative posi- 
tions with respect to the magnetic tape 23. As a 
result all of the 48 tracks Ti to Tis are subjected 
to the data recording/reproducing. Furthermore, the 
light-receiving device holding member 29 has light 
receiving device group 30 consisting of five light 
receiving devices Dai to Das at positions cor- 
responding to the - Y directional end portion of the 
magnetic tape 23. The light receiving devices Dal 
to Da5 are arranged to have the same output level 
and to be moved in accordance with the movement 
of the combination head 21 in the ± Y directions 
since the light-receiving device holding member 29 
is integrally formed with the combination head 21. 
The light receiving surface of each of the light 
receiving devices Dal to Da5 is arranged such tifiat 
its X directional widtti Is f witii which a sufficient 
output level can be obtained. The light receiving 
device Dai is positioned at ttie largest degree in 
tiie - Y direction. The light receiving devices Da2 to 
Da4 are respectively positioned such that their -Y 
directional ends are successively shifted by 120 
um in tiie + Y direction which corresponds to ttie 
widtti of tiie each of the tracks Ti to T*8. The light 
receiving device Das is positioned from the - Y 
directional end by 240 um in tiie + Y direction. 
That is, pitch di between the light receiving de- 
vices Dai and Daa, pitch 62 between the light 
receiving devices Daa and Daa and pitch 62 be- 
tween the light receiving devices Daa and Da* are 
respectively arranged to be 120 um. On the other 
hand, pitch d* between ttie light receiving devices 
Da* and Das is arranged to be 240 um The rela- 
tionship among ttie light receiving devices Dai to 
Das and the pitches di to ds are anranged as 
follows assuming that ttie l-tti pitch in tiie + Y 
direction is di and the widtti of each of tiie tracks 
Ti to T+s is d: 
di = d when i ^ 2 
di = 0 - 2) X d when 3 ^ i ^ n - 1 
(where i and n respectively represent positive in- 
tegers) 

According to this embodiment, ttie structure is 
arranged such ttiat when, for example, the record- 
ing head Wi and the reproducing head Ri of ttie 
combination head 21 are at ttie track position Ti , 
ttie light receiving device Dai is positioned at 
which it appears by 3d from the - Y directional end 
of ttie magnetic tape 23. According to tiiis embodi- 
ment, when the recording head Wi moved to, for 
example, the positions of the tracks Ti, Ta, T3, T*. 
Ts and Tg, the following relationships among the 
outputs Eai to Eas from the light receiving devices 
Dai to Das are established: Eaa = Eai - Eaa. Ea* 
= Eai - Ea2, Ea* = Eai - Eaa, Eas = Eai - Ebz, 
Eas = Eai - Eas. Eas = Eai - Ea*. 

The light receiving devices Dai to Das are 
connected to head operating unit . (omitted from 



illustration). The head operating unit feedback-con- 
trols tiie combination head 21 in tiie ± Y directions 
so as to make the outputs Eai and Eas from the 
light receiving devices Dai to Das t hold tiie 
5 above-described relationship when the combination 
head 21 moved to tiie relative positions among the 
recording heads Wi to Ws, the reproducing heads 
Ri to Rs and the tracks Ti to T^s- As a result, ttie 
relative positions between ttie magnetic tape 23 
TO and the combination head 21 are held at a pre- 
determined positions as described above. 

As shown in Rgs. 7a, 7b, light emitting unit 26 
capable of emitting light of a sufficient quantity to 
the light receiving devices Dai to Das is disposed 
IS in a portion confronting the light receiving devices 
Dai to Das with ttie - Y directional end of the 
magnetic tape 23 disposed therebetween. 

When ail of ttie tracks Ti to T48 including the 
tracks Ti, T13, T25, and T37 are subjected to ttie 
20 data reproduction operation of tiie magnetic 
recording/reproducing apparatus structured as de- 
scribed above, tiie combination head 21 is op- 
erated by tiie head operating unit so that the re- 
producing head Ri and tiie track Ti, ttie reproduc- 
es ing head R3 and ttie track Ti3, ttie reproducing 
head Rs and tiie track T25 and ttie reproducing 
head R? and the track T37 are moved to ttie 
conresponding relative positions with respect to the 
magnetic tape 23. At this time, ttie head operating 
30 unit moves the combination head 21 so as to make 
ttie output Eai from the light receiving device Dai 
and the output Eaa from ttie light receiving device 
Da2 hold the following relationship by ttie feedback 
control: 
35 Ea3 = Eai - Eaa 

Furttiermore, ttie head operating unit make tiie 
combination head 21 follow ttie weaving of tiie 
magnetic tape 23 so that tiie relative positions 
between the magnetic tape 23 and the cornbination 
40 head 21 are m^ntained. Therefore, ttie relative 
position between the combination head 21 and the 
magnetic tape 23 can be held correctly. In ttiis 
case, when ttie magnetic tape 23 is allowed to run 
in tiie direction X, ttie data on the tracks Ti, T13. 
45 T25 and T37 are reproduced by ttie reproducing 
heads Ri, Ra, Rs and R7. When tiie reproduction 
to the end portion of ttie magnetic tape 23 has 
been completed, tiie magnetic tape 23 is allowed 
to run in the direction - X so that the data on the 
50 tracks T7, T19, T31 and T43 is reproduced by tiie 
reproducing heads R2, R4. Rs and Rs. 

When data reproduction for one reciprocation 
has been completed, ttie combination head 21 is 
moved by ttie head operating unit to tiie relative 
55 position of the magnetic tape 23 at which ttie 
reproduction head Ri corresponds to the track T2. 
th reproduction head R3 conresponds to tiie track 
Tu, the reproduction head Rs corresponds to the 
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track T26 and the reproduction head R? corre- 
sponds to the track Tsa- At this time, the head 
operating unit moves the combination head 21 so 
as to make the output Eat from the light receiving 
device Dai and the output Ea2 from the light re- 
ceiving device Da2 and the output Ea* from the 
light receiving device Da4 establish the following 
relationship by the feedback control: 
Eai = Eai - Eaz 

When the magnetic tape 23 is allowed to run in the 
direction X in this state, data on the tracks T2. Ti*. 
T2S and Tss is reproduced by the reprodudng 
heads R1. R3, R5 and R7. Then, the magnetic tape 
23 is allowed to run in the direction - X so that data 
on the tracks Ts, T20. T32 and T** is reproduced. 

Similarly, the combination head 21 is moved 
after the one reciprocation at each of the track 
positions so as to hold the following relationships: 
when data on tracks T3, T15, T27. Tsg and tracks 
Ta, T21. T33, are reproduced, 
Ea* = Eai - Eaa 

when data on tracks T*. Tie. T28. Tao and the 
tracks Tio. T22. T31, T46 are reproduced 
Eas = Eai - Ea2 

when data on tracks T5, T17. T29. T41 and tracks 
Til, T23, T35. T47 are reproduced 
Eas = Eai - Ea3 

when data on tracks Ts, Tis, T30, T12 and tracks 
T12. T24. T36. Tis are reproduced 
Eas = Eai - Ea4 

As a result, the track switching operation and the 
track followup operation are executed so that the 
data on all of the tracks Ti to T4a are reproduced. 
The above-described operation is applied to the 
data recording operation. 

According to this embodiment since the struc- 
ture is arranged such that the difference in output 
between two predetermined fight receiving devices 
becomes the same as the output from a predeter- 
mined light receiving device, the position control 
can be stably obtained without an influence of 
temperatue. 

According to this embodiment the numbers of 
the relative positions between the magnetic tape 23 
and the combination head 21 are anranged to be 
six. The number of the light receiving devices for 
detecting a plurality of relative positions can be 
reduced by increasing the number of the relative 
positions. 

The positions of the light receiving devices Dai 
to Das are not limited to the above-described struc- 
ture in which they are positioned at the - Y direc- 
tional end of the magnetic tape 23. A structure may 
be employed in which they are positioned at the + 
Y directtonal end of the magnetic tape 23 and the 
appearance area of the light receiving surface of 
each of the light receiving devices Dai to Das 
decreases in accordance with the mov ment of th 



combination head 21 in the - Y direction. The 
above-described structure may be applied to th 
following embodiments. 

Then, a fourth embodiment of the present in- 

5 vention will be described with reference to Rgs. 8 
and 9. In order to make the description easier, the 
elements having the same function as those in the 
above-described embodiments are given the same 
reference numerals and their descriptions are omit- 

10 ted. 

As shown in Rgs. 8. 9a and 9b, the magnetic 
recording/reproducing apparatus according to this 
embodiment includes a combination head 21 for 
recording/reproducing data from the magnetic tape 

75 23, tile combination head 21 having a slit plate 31 
Integrally formed with the combination head 21. 
The structure of the magnetic tape 23 and that of 
the combination head 21 are anranged to be the 
same as those according to the third embodiment 

20 A light-receiving device holding member 32 is 
disposed to tiie side of the slit plate 31 opposite to 
tfie side confronting tfie magnetic tape 23, tiie 
light-receiving device holding member 32 being 
fonmed independentiy from the combination head 

25 21 and tiie slit plate 31. The light-receiving device 
holding member 32 has five light receiving devices 
Dbt to Dbs at a positions conresponding to the - Y 
directional end of the magnetic tape 23. tiie tight 
receiving devices Dbi to Dbs being disposed in the 

30 X direction. The light receiving devices Dbi to Dbs 
are anranged to independentiy receive light which 
passed through the - Y directional end of the 
magnetic tape 23 and openings Ai to As to be 
described later. The light receiving surface of each 

35 of the light receiving devices Dbi to Dbs is ar- 
ranged to be elongated in tiie Y direction, and the 
large portion of the light receiving surface of them 
are positioned in the - Y direction by larger de- 
grees tiian ttie - Y directional end of the magnetic 

40 tape 23. The light receiving surface of each of light 
receiving devices Dbi to Dbs are arranged such 
tiiat tiie X directional widtti Ih is larger than the X 
directional widtti f of each of openings Ai to As. 
Furtiiermore, the Y-directional width ly is anranged 

45 to be a value which conresponds to the Y-direc- 
tional movement of tiie openings Ai to As. The 
output levels for a unit area of tfie light receiving 
devices Dbi to Dbs are arranged to be tiie same. 
The above-described slit plate 31 has the 

50 openings Ai to A5. The openings Ai to As are 
anranged such tfiat its X directional opening width 
is f witti which a sufficient output level can be 
obtained from tiie light receiving devices Dbi to 
Dbs. The opening Ai is positioned at the largest 

55 degree in the - Y direction. The openings A2 to A* 
are respectively positioned such tiiat their - Y di- 
rectional ends are successively shifted by 120 urn 
in the + Y direction which corresponds to the 
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width of the each of the tracks Tt to T48 from the - 
Y directional end of the opening Ai . The opening 
As Is positioned from the - Y directional end by 240 
um in the + Y direction. That is, pitch di between 
the opening Ai and Dbz, pitch 62 between the 
opening A2 and Dba and pitch da between the 
opening A3 and Da* are respectively arranged to 
be 120 um. On the other hand, pitch di between 
the openings A* and As is arranged to be 240 um. 
The relationship among the opening Ai to As and 
the pitches di to ds are anranged as follows as- 
suming that the i-th pitch in the + Y direction is d| 
and the width of each of the tracks Ti to T^a is d: 
di d when i ^ 2 
di = (i - 2) X d when 3 ^ i :S n - 1 
(where i and n respectively represent positive in- 
tegers) 

According to this embodiment, the structure is 
anranged such that when, for example, the record- 
ing head Wi and the reproducing head Ri of the 
combination head 21 are at the track position Ti, 
the opening Ai Is positioned at which it appears by 
3d from the - Y directional end of the magnetic 
tape 23. According to this embodiment, when the 
recording head Wi moved to, for example, the 
positions of the tracks Ti, T2, T3. T4, T5 and Te, 
the following relationships among the outputs Ebi 
to Ebs from the light receiving devices Dbi to Dbs 
due to light which passed through the openings Ai 
to As and the - Y directional end of the magnetic 
tape 23 are established: Eba = Ebi - Eb2. Eb* = 
Ebi - Eb2, Eb* = Ebi - Eba. Ebs = Ebi - Eb2, 
Ebs = Ebi - Eba, Ebs = Ebi - Eb*. 

The light receiving devices Dbi to Dbs are 
connected to head operating unit (omitted from 
illustration). The head operating unit feedback-con- 
trols the combination head 21 in the ± Y directions 
so as to make the outputs Ebi and Ebs from the 
light receiving devices Dbi to Dbs hold the above- 
described relationship when the combination head 
21 moved to the relative positions among the re- 
cording heads Wi to Ws and the reproducing 
heads Ri to Rs and the tracks Ti to T^a. As a 
result, the relative positions between the magnetic 
tape 23 and the combination head 21 are held at a 
predetenmined positions as described above. 

As shown in Rgs. 9a, 9b, light emitting unit 26 
capable of emitting light of a sufficient quantity to 
the light receiving devices Dbi to Dbs is disposed 
in a portion confronting the light receiving devices 
Dbi to Dbs with the - Y directional end of the 
magnetic tape 23 and the openings Ai to As 
formed in the slit plate 31 disposed therebetwisen. 

When all of the tracks Ti to T48 including the 
tracks Ti, Ti3, T25. and T37 are subjected to the 
data reproduction operation of the magnetic 
recording/reproducing apparatus structured as de- 
scribed above, the combination head 21 is op- 



erated by the head operating unit so that the re- 
producing head Ri and the track Ti, the reproduc- 
ing head R3 and the track T13. the reproducing 
head Rs and the track T25 and the reproducing 

5 head R7 and the track T37 are moved to the 
con^sponding relative positions with respect to the 
magnetic tape 23. At this time, the head operating 
unit moves the combination head 21 so as to make 
the output Ebi from the light receiving device Dbi. 

70 the output Eb2 from the light receiving device Db2 
and the output Eba from the light receiving device 
Db3 hold the following relationship by the feedback 
control: 

Eba = Ebi - Eb2 

75 Therefore, the head operating unit make the com- 
bination head 21 follow the weaving of the mag- 
netic tape 23 so that the relative positions between 
the magnetic tape 23 and the combination head 21 
are maintained. In this case, when the magnetic 

20 tape 23 is allowed to run in the X direction, the 
data on the tracks Ti. T13. T2S and T37 are repro- 
duced by the reproducing heads Ri, R3. Rs and 
R7. When the magnetic tape 23 is allowed to run in 
the -X direction, the data on the tracks T7, T19. T31 

25 and T43 are reproduced by the reproducing heads 
R2. R*. Rs and Ra. 

Similarly, the combination head 21 is moved 
after the one reciprocation at each of the track 
positions so as to hold the following relationships: 

30 When data on the tracks T2, T14. T26, T3a and the 
tracks Ts, T20. T32. T44 are reproduced. 
Eb4 = Ebi - Eb2 

When data on tracks T3. Tis, T27. T39 and tracks 
Tg, T21 , T331 T45 are reproduced. 
35 Eb4 = Ebi - Eba 

When data on tracks T4. Tic. T28. T40 and the 
tracks Tio. T22. T34. T46 are reproduced 
Ebs = Ebi - Eb2 

When data on tracks Ts. T17, T29, T41 and tracks 
40 Ti 1 . T23. T35, T47 is reproduced 
Ebs = Ebi - Eb3 

When data on tracks Tg. Tia. T30. T42 and tracks 
T12, T24, Tas, T48 Is reproduced 
Ebs = Ebi - Eb4 

45 As a result, the track switching operation and the 
track followup operation are executed so that the 
data on all of ttie tracks Tt to T48 is reproduced. 
The above-described operation is applied to the 
data recording operation. As described above. 

50 since the structure according to this embodiment is 
anmged such that the slit plate 31 is moved to- 
getiier witii the combinati n head 21, the weight of 
the movable portion can be reduced in comparison 
to the structure according to the third embodiment. 

55 Similariy to the first emtxxiiment a stable posi- 
tion control can be obtained wittiout an influ nee of 
temperature. 

Th n a fiftti embodiment of the tracking control 
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device of a magnetic recording/reproducing ap- 
paratus will be descril)ed with reference to Figs. 10 
and 11. 

As sliown In Rgs. 10. 11a and lib, the mag- 
netic recording/reproducing apparatus includes the 
combination head 21 for recording and reproducing 
data from the magnetic tape 23 and having a light- 
receiving device holding member 34 formed integ- 
rally with the combination head 21. 

The above-described magnetic tape 23 has a 
track group 24 constituted by tiie 48 tracks Ti to 
Tis formed in the direction Y at tiie same pitch as 
shown in Rg. 10. According to this embodiment, 
width C of the magnetic tape 23 is anranged to be 
1/4 inch and the track pitch is aranged to be 120 
urn. The weaving taken place in tiie magnetic tape 
23 is restricted to smaller than ± 50 urn by flanges 
or tiie like (omitted from illustration) for i Y direc- 
tional end of the magnetic tape 23. 

The combination head 21 includes 8 recording 
heads Wi to Ws and reproducing heads Ri to Rs 
which are integrally formed witii tiie combination 
head 21. The recording heads Wi to Ws are dis- 
posed in the Y direction at a pitch of 720 u.m, while 
the reproducing heads Ri to Ra are disposed In 
ttie X or - X direction witii fonning pairs witii tiie 
corresponding recording heads Wi to Ws. The 
recording heads Wi to Ws and the reproducing 
heads Ri to Rs which form pairs are alternately 
disposed in ttie Y direction. When tiie magnetic 
tape 23 is allowed to run in the X direction, tiie four 
recording heads Wi. W3. Ws and W7 of tiie com- 
bination head 21 perform tiie recording, while the 
magnetic tape 23 is allowed to run in ttie direction - 
X, the four recording heads W2, W*, Wg and Ws 
perform the recording. Furttiermore. whenever the 
magnetic tape 23 reciprocates once, tfie combina- 
tion head 21 is moved in the - Y direction so tiial 
ttie combination head 21 is positioned at 6 relative 
positions wrtti respect to ttie magnetic tape 23. As 
a result, all of ttie 48 tracks Ti to T*8 are subjected 
to the data recording/reproducing. Furtiiennore, 
light receiving device group 34 serving as a light 
receiving device group on one end and consisting 
of six light receiving devices Dat to Da$ is pro- 
vided in a portion con^sponding to the portion in 
tiie vicinity of tiie + Y directional end of tiie 
magnetic tape 23. Similarly, light receiving device 
group 35 serving as a light receiving device group 
on another eijd and consisting of sbc light receiving 
devices Dbi to Dbs is provided in a portion cor- 
responding to tiie portion in ttie vicinHy of ttie - Y 
directional end of ttie magnetic tape 23. The num- 
ber of the light receiving devices of ttie light receiv- 
ing device groups 34 and 35 is anranged to be six 
which is ttie sam as tiie number of the tracks Ti 
to T6 in a range in which, for example, ttie record- 
ing head Wi and ttie reproducing head Ri of ttie 



combination head 21 can be moved. The light 
receiving devices Dai to Das and Dbi to Dbe ar 
arranged to hav ttie same output level. Furtiier- 
more. the light-receiving device holding member 33 
5 is integrally fonmed with the combination head 21. 
As, a result, ttie light receiving devices Dai to Dae 
and Dbi to Dbs can be moved in accordance with 
ttie movement of tiie combination head 21 In the ± 
Y directions. The light receiving surface of each of 
10 ttie light receiving devices Dai to Das and Dbi to 
Dbs is arranged to have ttie Y-directional widtti e 
which can correspond to the weaving of ttie mag- 
netic tape 23. The X-directional widtti is an^ged 
to be f witti which a sufficient output can be ob- 
75 tained. According to this embodiment, ttie above- 
described width e is 100 um. The light receiving 
devices Dai to Dae and Dbi to Dbe are anranged 
such that ttie light receiving devices Dai and Dbi 
are disposed at the - Y directional end and the light 
20 receiving devices Da2 to Das and Db2 to Dbe are 
formed in tiie + Y direction to fonm a line at tiie 
same pitch d (d = 120 um) as ttie track pitch of 
ttie magnetic tape 23. The light receiving devices 
Dai and Dbi are shifted by 1/4 inch in ttie direction 
25 Y of tiie magnetic tape 23. Furthermore, when, for 
example, ttie recording head Wi and ttie reproduc- 
ing head Ri of ttie combination head 21 is at the 
track position Ti. ttie center of tiie light receiving 
devices Dai and that of Dbi coincide witti ttie ^ Y 
30 directional end of ttie magnetic tape 23. 

The above-described light receiving devices 
Dai to Dae and Dbi to Dbe are connected to tiie 
head operating unit (omitted from illustration). The 
head operating unit feedback controls ttie combina- 
35 tion head 21 so as to move it to each of tiie relative 
positions between ttie recording heads Wi to Ws. 
tiie reproducing heads Ri to Rs and ttie tracks Ti 
to T48 such tiiat the difference in ttie output from 
ttie con-esponding light receiving devices becomes 
40 zero, ttie combination head 21 being moved in the 
± Y direction. As a result, tfie relative position 
between ttie magnetic tape 23 and ttie combination 
head 21 can be held at a predetermined position. 
As shown in Rgs. 11a, lib, light emitting unit 
45 36 capable of emitting a sufficient quantity of light 
to ttie light receiving devices 34 and 35 are dis- 
posed at positions conresponding to tiie light re- 
ceiving device groups 34 and 35 witii ttie i Y 
directional end of ttie magnetic tape 23 disposed 
50 therebetween. 

At tfiis time, the head operating unit feedback 
controls tiie combination head 21 so as to move it 
such ttiat the difference in ttie output between the 
light receiving device Dai and ttie light receiving 
55 device Dbi becomes zero. Furthermore, tiie head 
operating unit make tii combination head 21 follow 
ttie weaving of ttie magnetic tape 23 so as to 
maintain ttie relative position between ttie magnetic 
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tape 23 and the combination head 21 . 

When the reproduction of data for one recip- 
rocation has been completed, the combination 
head 21 is moved to the relative position with the 
magnetic tape 23 at which the reproducing head 
Ri and the track T2 conresponds to each other, the 
reprodudng head Ra and the track Tu con^ 
spends to each other, the reproducing head Rs and 
the track T26 conresponds to each other and the 
reproducing head R? and the track Tas corre- 
sponds to each other. At this time, the head operat- 
ing unit feedback-controls the combination head 21 
so as to move it such that the difference in the 
output between the light receiving device Daa and 
that of the light receiving device Db2 becomes 
zero. When the magnetic tape 23 is allowed to run 
in the X direction, data on the tracks T2, Tu. Tas 
and T38 is reproduced by the reproducing heads 
Ri. Ra, Rs and R7. Then, when the magnetic tape 
23 is allowed to run in the direction - X so that the 
tracks Ts. T20. T32 and Taa are subjected to the 
reproduction. 

Similarly, when data on the tracks T3. T15. T27 
and T39 and data on the tracks T9. T21. T33 and 
T*5 is reproduced, the combination head 21 is 
moved so as to make the difference in the output 
between the light receiving devices Da3 and Db3 
tjecomes zero. When data on the tracks T*. Tie. 
T28 and T40 and data on the tracks Tio. T22. Ts* 
and Tis is reproduced, the difference in the output 
between the light receiving devices Da4 and Db4 is 
made zero. When data on the tracks Ts, Tt7. T29 
and T*i and data on the tracks Tn. T23» T35 and 
T*7 is reproduced, the difference in the output 
between the light receiving devices Das and Dbs is 
made zero. When data on the tracks Tb. Tis. T30 
and T*2 and data on the tracks Ti2. T24. Tsb and 
T*8 is reproduced, the difference in the output 
between the light receiving devices Das and Dbs. 
is made zero. The combination head 21 is moved 
after one reciprocation at each of the track position 
has been completed. Thus, the track switching 
operation and the track following-up operation are 
executed until data on all of the tracks Ti to T*8 is 
reproduced. The above-described operation is ap- 
plied to the recording operation. 

Then, a sixth embodiment of the present inven- 
tion will be described with reference to Rgs. 12 
and 13. In order to make the description easy, the 
elements having the same functions as those ac- 
cording to the aforesaid embodiments are given 
the same reference numerals and their descriptions 
are omitted. 

As shown in Figs. 12, 13a and I3b. th mag- 
netic recording/reproducing apparatus Includes the 
combination head for recording and reproducing 
data from the magnetic tape 23. the combination 
head 21 having a slit plate 37 integrally formed 



with the combination head 21 . The structures of the 
magnetic tape 23 and tiie combination head 21 are 
tiie same as those according to tiie fiftfi embodi- 
ment The weaving of tite magnetic tape 21 is 
5 restricted to ± 50 um or less by flanges or tiie like 
(omitted from illustration) for restricting tiie ± Y 
directional end of tiie magnetic tape 21. 

The light-receiving device holding member 38 
is secured to the slit plate 37 on tiie side opposite 
10 to tiie side which confronts tiie magnetic tape 23. 
tiie light-receiving device holding member 38 being 
independentiy formed from tiie combination head 
21 and tiie slit plate 37. 

The light-receiving device holding member 38 
16 has light receiving device groups 39 and 40 which 
respectively consist of six light receiving devices 
Dii to Dig and Dji to Djs at tiie positions cor- 
responding to tiie ± Y directional ends of tiie mag- 
netic tape 23. The light receiving devices Dii to Die 
20 and Dji to Djs are an'anged such tiiat ttie light 
receiving devices Dii and Dji are disposed at tiie 
+ X directional end and ttie ottier light receiving 
devices are successively disposed in the - X direc- 
tion to form a line at a pitch g. Furthermore, tiieir y- 
25 directional centers coincide witii tiie ± Y-directional 
end of tiie magnetic tape 23. The above-described 
light receiving devices Oil to Dig and Dji to Djc are 
respectively anranged to independentiy receive 
light which passed tfirough tiie * Y-directional end 
30 of tiie magnetic tape 23 and openings SI1 to Sis 
and Sji to Sjs to be described later. The light 
receiving surfaces of tiie light receiving device Dii 
to Dis and those Dji to Djs are an^anged such ttiat 
tfie Y directional widtii Iv is larger tiian the Y 
36 directional widtii e of openings Sii to Sis and Sji to 
Sis, and ttie X directional widtii 1h is smaller tiian 
ttie above-described pitch g. The output levels for 
a unit area of the light receiving devices Dii to Dis 
and Dji to Djs are arranged to be the same: 
40 The above-described slit plate 37 has an open- 
ing group 41 consisting of six openings Sii to Sis 
and serving as an opening group at an end portion 
at a positions corresponding to tiie light receiving 
devices Dii to Dis- On tiie ottier hand, opening 
45 group 42 consisting of six openings Sji to Sjs and 
serving as an opening group at another end portion 
at positions conresponding to ttie light receiving 
devices Dji to Djs. The openings are provided by 
six so as to correspond to tiie number of tiie tracks 
50 Ti to Ts in a range in which, for example, tiie 
recording head W1 and ttie reproducing head RI 
can move which fonm pairs. The openings Sii to 
Sis and Sji to Sjs moves in accordance witii tfie ± 
Y dir ctional movement of th combination head 21 
55 since ttie slit plate 37 is integrally fomied witii ttie 
combination head 21. Each of ttie openings Sii to 
Sis is arranged to have a Y-directional widtii e (e = 
100 urn) so as to correspond to ttie weaving of tiie 
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magnetic tape 23. On the other hand, their X- 
directional width is arranged to be a width f with 
which a sufficient output can be obtained from the 
light receiving devices Dii to Dk and Dji to Djs. 
The openings Sii to Sis and Sji to Sjs are ar- 
ranged such that the openings Sii and Sji are 
disposed at the + X directional end and at the - Y 
directional end and the openings Sh to Sis and Sj2 
to Sjs are respectively and successively disposed 
in the + Y direction at the same pitch d (d = 120 
um) as the traclc pitch of the magnetic tape 23 and 
at a pitch g in the - X direction. Furthermore, the 
light receiving devices Dii to Die and the light 
receiving devices Dji to Dje are shifted by 1/4 inch 
which corresponding to the width of the magnetic 
tape 23 in the direction Y. According to this em- 
bodiment, when for example, the recording head 
Wi and the reproducing head Ri of the combina- 
tion head 21 are at tiie track position T1. the Y- 
directional centers of tfie openings Sii and Sji 
coincide with tiie centers of tiie light receiving 
devices Dii and Dji, tiiat Is, tiie £ Y directional 
ends of the magnetic tape 23. 

The above-described light receiving devices 
Dii to DIg and Dji to Djs are connected to tiie head 
operating unit (omitted from Illustration). The head 
operating unit feedback-controls ttie combination 
head 21 to move it in the ± Y direction of ttie 
magnetic tape 23 such ttiat tiie difference in the 
output between light receiving devices Dit to Die 
and Dji to Dje which form pairs becomes zero 
when ttie combination head 21 has been shifted to 
each of tfie relative positions between tiie record- 
ing heads Wi to Wa and the reproducing heads Ri 
to Rs and tiie tracks Ti to T48. As a result, the 
relative position between the magnetic tape 23 and 
tiie combination head 21 is maintained at a pre- 
determined position. 

As shown in Rgs. 13a. 13b. tiie light emitting 
unit 43 capable of emitting light to tiie light receiv- 
ing devices 39 and 40 are provided at tiie positions 
confronting tiie above-described light receiving de- 
vice groups 39 and 40 witti ttie ± Y directional end 
of ttie magnetic tape 23 and ttie slit plate 37 
disposed tiierebetween. At ttiis time, tiie head op- 
erating unit feedback-controls to calculate ttie dif- 
ference in tiie output between ttie light receiving 
device Dii and tiie light receiving device Djt due to 
incident light from tiie light emitting unit 43 via tiie 
openings Sii and Sji formed in tiie slit plate 37 
and ttie t Y directional end of ttie magnetic tape 
23. The combination head 21 is operated such that 
the difference in ttie output becomes zero. There- 
fore, ttie combination head 21 moves so as to 
follow the weaving f the magnetic tape 23. As a 
result, the relative positions between the combina- 
tion head 21 and tiie maignetic tape 23 can be 
maintained correctly. When ttie magnetic tape 23 is 



allowed to run in ttie direction X in tiiis state, data 
on ttie tracks Ti. T13. T25 and T37 is reproduced 
by the reproducing heads Ri, R3. Rs and R7. 
When tiie magnetic tape 23 is allowed to run in ttie 
5 - X direction, data on ttie tracks T7. T19, T31 and 
T43 is reproduced by the reproducing heads R2, 
R+, Re and Rs. 

When tiie reproduction of data for one recip- 
rocation has been completed, the combination 
10 head 21 is moved so as to make ttie following 
differences in the following outputs zero: when data 
on ttie tracks Ta, T14, Tze and T38 and data on the 
tracks Ts, T20. T32 and T44 is reproduced, the 
output difference between ttie light receiving de- 
75 vices Di2 and Dja due to incident light via tiie 
openings Si2 and SJ2 and the ± Y directional end of 
the magnetic tape 23; when data on the tracks T3, 
T15, T27 and T39 and data on ttie tracks T3, T21, 
T33 and T4S is reproduced, ttie output difference 
20 between ttie light receiving devices Dis and Djs 
due to incidental light via the openings Sis and Sjs 
and ttie ± Y directional end of ttie magnetic tape 
23; when data on the tracks T4, Tie. T28 and T40 
and data on the tracks T10. T22. T34 and T46 is 
25 reproduced, the output difference between tiie light 
receiving devices DI4 and Dj4 due to incident light 
via tiie openings Si4 and Sj4 and ttie + Y direc- 
tional ends of the magnetic tape 23; when data on 
tiie tracks Ts, T17. T29 and T41 and data on the 
30 tracks Ti 1, T23, T35 and T47 is reproduced, output 
difference between ttie light receiving devices Dis 
and Djs due to incidental light via the openings Sis 
and Sjs and the ± Y directional ends of the mag- 
netic tape 23; when data on the tracks Te. Tis. T30 
35 and T42 and data on the tracks T12. T24. T36 and 
T48 is reproduced, ttie output difference between 
ttie light receiving devices Di6 and Djs due to 
incident light via the openings Sie, Sje and tiie ± Y 
directional ends of ttie magnetic tape 23. As a 
40 result, ttie track switching operation and ttie track 
following up operation can be performed and the 
data reproduction from alt of the tracks Ti to T48 is 
completed. The above-described operation is ap- 
plied to the recording operation. 
45 Then, a seventh embodiment of the present 
invention will be described. According to ttiis em- 
bodiment, an example of a serpentine magnetic 
recording/reproducing apparatus is provided. The 
magnetic recording/reproducing apparatus accord- 
so ing to this embodiment is structured such ttiat a 
combination head having recording heads and the 
reproducing heads whose number is smaller than 
ttie number of ttie tracks of ttie magnetic tape is 
allowed to run once in the direction of the magnetic 
55 tape on which a plurality f tracks are formed in 
parallel in ttie direction in which ttie tape runs. As a 
result, a plurality of tracks are simultaneously sub- 
jected to the recording or ttie reproducing. Furtiier- 
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more, th© combination head is moved by th liead 
operating means in the widthwise direction of the 
magnetic tape by the track switching operation. As 
a result, data is recorded/reproduced from all of the 
trades. 

Then, the magnetic recording/reproducing ap- 
paratus according to this embodiment will be de- 
scribed with reference to Figs. 14, 15 and 16. 

Rg. 14 is a perspective view which Illustrates 
the magnetic recording/reproducing apparatus to 
which no magnetic tape has been loaded. Rg. 15 
Illustrates a state in which the magnetic tape has 
been loaded. 

A combination head 51 for recording or re- 
produdng data from a magnetic tape 52 is fas- 
tened to a holder 53 serving as a member for 
holding the combination head 51. A light-receiving 
groups 54 and 55 for detecting the vertical two 
ends of the magnetic tape 52 are secured to a 
portion in the vidnity of the combination head 51. 

That Is, a movable portion 56 is constituted by 
combining the combination head 51, the light re- 
ceiving device groups 54 and 55 and the holder 53. 
The holder 53 is fastened between the free ends of 
parallel leaf springs 57a and 57b whose one ends 
are secured to a fastening portion 58. The fasten- 
ing portion 58 Is fastened to a main frame (omitted 
from illustration) of the magnetic 
recording/reproducing apparatus. As head moving 
unit for moving the combination head 51 to the 
widthwise direction of the magnetic tape 52, a . 
voice coil type linear motor 59 having no friction 
loss and dead zone is employed. The voice coil 
type linear motor 59 includes a square yoke type 
magnetic drcuit 60 secured to the main frame and 
a coil 61 for generating moving force. The above- 
described movable portion 56 is connected to the 
coil 61 by the bobbin 62 which connects the mov- 
able portion 56 and the coil 61 such that it acts in 
synchronization with the movement of the coil 61 
and the power generated by the coil 61 passes 
through a portion in the vicinity of the center of 
gravity of the movable portion 56. As a result of the 
above-described structure, precise servo control 
can be performed in the operation of the combina- 
tion head 51. 

Reference numerals 60a and 60b represent 
magnets of the voice coil type linear motor 59. 
Reference numeral 60 represents a central magnet 
into which the coil 61 is inserted from outside. 
Reference numeral 60d represents an outside mag- 
netic pole, 60e represents a common magnetic 
pole positioned In closely contact with th terminals 
of each of outer magnetic poles confronting the 
central magnetic pol 60C. the outer magnetic pole 
60d and the outer magnetic pole 60e. Thus, a 
closed drcuit of the magnetic circuit 60 is con- 
stituted so that the combination head 51 does not 



receive an influence of a leaked flux from the 
magnetic circuit 60. Therefore, the influence of the 
leaked flux from the voice coil type linear motor 59 
upon the combination head 51 and the magnetic 
5 tape 52 can be reduced to ten and several Oes. 
Furthermore, the main frame is provided with a 
light emitting device 63 position In the opposite 
direction to the light receiving devices 54 and 55 
with the magnetic tape 52 is disposed there- 
70 between and fixed guides 64a and 64b disposed 
on the both sides of the combination head 51 and 
guiding the magnetic tape 52. 

Rg. 16 illustrates the structure of the tracking 
control according to this embodiment As shown in 
IS Rg. 16, the magnetic tap© 65 has a track group 66 
consisting of 48 tracks Ti to T^s at the same pitch 
in the direction Y. According to this embodiment, 
the width c of the magnetic tape 65 is an'anged to 
be 1/4 inch and the track pitch is anranged to be 
20 120 um. Th© combination head 67 includes 16 
recording heads Wi to Wig and reprodudng heads 
Ri to R16 which are formed integrally. The record- 
ing heads Wi to Wis are disposed in th© direction 
Y at a pitch of 360 um. The reprodudng heads Ri 
25 to Ri6 form a pair with the corresponding recording 
heads Wi to Wis in the X or - X direction. The 
recording heads Wi to Wis and the reproducing 
heads Ri to Rig each forming a pair are alternately 
disposed in the direction Y. 
30 In the combination head 67 thus structured, 
when the magnetic tape 65 is allowed to run in the 
direction X, 8 recording heads W2„.i (n = 1 to 8) 
perfomn the recording operation, while when the 
magnetic tape 65 is allowed to run in the direction - 
35 Y. 8 recording heads Wa, (n = 1 to 8) perform the 
recording. Furthermore, the combination head 67 is 
moved in the direction - C whenever the magnetic 
tape reciprocates. Therefore, the relative position 
with respect to the magnetic tape 65 is changed 
40 three times. As a result, all of the 48 tracks 1\ to 
T48 are subjected to the data 
recording/reproducing. The holder 68 has. at its 
portion corresponding to the + Y directional end of 
the magnetic tape 65, a light-receiving device 
46 group 69 consisting of three light receiving devices 
Dai to Daa and disposed at an end. Furthermore, a 
light-receiving device group 70 consisting of three 
light receiving devices Dbt to Db3 and disposed at 
the other end is provided in a portion correspond- 
so ing to the - Y directional end. The number of the 
provided light receiving devices 69 and 70 cor- 
responds to the number of the tracks Ti to Ta in a 
range in which, for xample. the pair of the record- 
ing head Wi and the reproducing head Ri of the 
55 combination head 67. Th light receiving devices 
Dai to Daa and Dbi to Dbs are an-anged to have 
the same output level for a unit light receiving area. 
Furthermore, they are integrally formed with the 
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combination head 67 by the holder 68. As a result, 
they can be moved in accordance with the move- 
ment of the combination head 67 in the t direction 
Y, The light receiving devices Dai to Das and Dbi 
to Db3 are disposed at the same* pitch (120 urn) as 
the track pitch of the magnetic tape 65, and the 
light receiving device Dai and Dbi are shifted from 
each other in the direction Y by the width (1/4 inch) 
of the magnetic tape 65. Furthermore, when, for 
example, the recording head Wi and the reproduc- 
ing head Ri of the combination head 67 are at the 
track position Ti, the centers of the light receiving 
devices Dai and Dbi coincide with the ± Y direc- 
tional ends of the magnetic tape 65, 

As a result of the above-described structure, 
when data on all of the tracks Ti to T48 is repro- 
duced, the head operating unit is feedback-con- 
trolled so as to make the output difference between 
the light receiving devices Dai and Dbi k)ecomes 
zero when the magnetic tape 65 Is allowed to run 
In the direction X. With the thus realized precise 
tracking control performed, data on 8 tracks Tsn-s (n 
= 1 to 8) is reproduced by 8 reproducing heads 
R2n.i (n = 1 to 8). When the reproduction to the 
end portion of the magnetic tape 65 has been 
ended, tiie magnetic tape 65 is allowed to run in 
the direction - X. During this, the feedback control 
such that the output difference between the light 
receiving devices Dai and Dbi is made zero is 
conducted so that the data on 8 tracks Ti to Te^a - 
(n = 1 to 8) is reproduced by 8 reproducing head 
R2n-i (n = 1 to 8). Similarly, the track switching 
operation and the track follow-up operation are 
conducted. Thus, data on all of the tracks Ti to T48 
is ended. The above-described operation is also 
applied to the recording operation. 

Although the combination head 67 is held by a 
parallel leaf spring according to this embodiment, 
the present invention is not limited to the descrip- 
tion above. A structure may be employed in which 
it is held by a shaft and a bearing In a sliding 
method. 

Rg. 17 illustrates the transfer function of the 
spring system of the parallel leaf spring supporting 
structure shown in Rgs. 14 and 15. As shown in 
Rg. 17, the second resonance frequency becomes 
1.2 kHz with respect to the first resonance fre- 
quency 30 Hz. With the characteristics described 
above, the closed loop servo with the cutoff fre- 
quency of about 500 Hz can be obtained by per- 
forming a servo control such as the phase com- 
pensation. Therefore, the tape weaving of, for ex- 
ample. 100 Hz can be followup controlled at a 
compression ratio of about -20 to -30 dB. 

Rg. 18 illustrates the transfer function for a 
structure in which the combination head 51 and the 
holder 53 are not supported between the parallel 
leaf springs 57a and 57b Rgs. 14 and 15. Since 



the second resonant frequency is about 450 Hz, 
the cutoff frequency becomes lowered excessively 
and the servo gain reduction becomes too lowered 
to conduct the closed loop servo. Therefore, a 

5 tracking control with a satisfactory followup char- 
acteristics cannot be conducted. 

Since the voice type linear motor 59 is used to 
operate the combination head 51 and since the 
power generated by the linear motor 59 is arranged 

70 to pass through a portion in the vicinity of the 
center of gravity of the movable portion 56. the 
operation of the combination heads 51 can be 
precisely servo-controlled. 

Many widely different embodiments of "the 

15 present invention may be constructed without de- 
parting from the spirit and scope of the present 
invention. It should be understood that the present 
invention is not limited to the specific embodiments 
described in this specification, except as defined in 

20 the appended claims. 



Claims 

25 1. A magnetic recording/reproducing apparatus 
of serpentine system capable of 
recording/reproducing a large amount of high den- 
sity data at high speed with a tracking control for 
precisely positioning a combination head, said ap- 

30 paratus comprising: 

a combination head having a magnetic head cor- 
responding to a magnetic tape formed by a plural- 
ity of tracks arranged in parallel to one another in a 
direction in which said magnetic tape runs; 

35 light emitting means disposed at a position con- 
fronting one side of said magnetic tape for emitting 
light in a widthwise direction of said magnetic tape; 
light receiving means having a plurality of light 
receiving elements disposed at a position confront- 

40 ing the other side of said magnetic tape for receiv- 
ing said light emitted from said light emitting 
means such that said light receiving means are so 
disposed that outputs from said light receiving ele- 
ments have a predetermined relation which gov- 

45 ems said feedback control at a time when said 
magnetic head moved to a predetenmined track 
position; and 

head operating means capable of moving said 
combination head in said widthwise direction of 

60 said magnetic tape. 

2. An apparatus according to claim 1, wherein 
said combination head includes said light receiving 
elements whose number is the same as the num- 
ber of said plurality of said tracks at end portion 

55 and at the other end portion in said wkJthwise 
direction of said magnetic tape, said light receiving 
elements disposed at said end portion are arranged 
in parallel with light receiving elements disposed at 
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said the other portion in a pair correspond to a 
predetermined track of said magnetic tape. 

3. An apparatus according to claim 1, wherein 
said light emitting means is disposed at a position 
which confronts said light receiving elements via 
two end portions of said magnetic tape. 

4. An apparatus according to claim 1, wherein 
said light receiving means is fonmed integrally with 
said combination head and has a first light receiv- 
ing element of a light receiving area Sai and a 
second light receiving element of a light receiving 
area Sbi with a relation of Sbi S n x Sai where n 
represents a positive integer, and said predeter- 
mined relation is Ebi = m x Eai where m repre- 
sents a positive integer satisfying 1 ^ m 5 n and 
differs in accordance with each of relative positions 
between said magnetic head and said plurality of 
tracks in a movable range of said magnetic head. 

5. An apparatus according to claim 1, wherein 
said light receiving means is formed integrally on 
said combination head and has n pieces of light 
receiving elements of Dai to Dan with tiie same 
widtii in a direction in which said magnetic tape 
runs, where n represents a positive integer satisfy- 
ing tfie relation of n i 3. a direction of said widtfi- 
wise end portion of said magnetic tape is arranged 
to be - Y direction and a direction of tiie other end 
portion of said magnetic tape is anranged to be + 

Y direction, said light receiving elements Dai to 
Dan are disposed in said - Y direction as well as in 
a direction in which said magnetic tape runs, said - 

Y directional end portion of said light receiving 
element Dai is positioned in said - Y direction by 
the largest degree among said light receiving ele- 
ments of Dai to Dan, a -Y directional end portion of 
said light receiving element Dan is disposed at the 
n-th order in said - Y direction when said light 
receiving element Dai is arranged as the first light 
receiving element and assuming that i represents 
a positive integer satisfying the relationship 1 ^ i ^ 
n - 1, a pitch between a - Y directional end portion 
of the i-th light receiving device Da* and a - Y 
directional end portion of tfie i + 1-th light receiv- 
ing device Dai^i is di, and said light receiving 
devices Dai to Dan hold relative positions di = d 
when i ^ 2 and di = fi -2) x d when 3 S i ^ n - 1, 
and said light receiving elements Dai to Dan are 
disposed such that an output difference between 
two of said light receiving elements Dai to Dan due 
to light emitted from said light emitting means 
becomes an output from a light receiving element 
at a tim when said magnetic tape moved to an 
optional track position with respect to said - Y 
directional end, and a relation among outputs from 
said three light receiving elements differs in accor- 
dance with each of relative positions between said 
magn tic tape and said combination head. 

6. An apparatus according to claim 5, wher in 



said light mitting means is disposed at a position 
confronting said light receiving devices Dai to Dan 
witii said - Y directional nd of said magnetic tape 
disposed therebetween, and said predetermined re- 
5 laltion is fomned among said three light receiving 
elements. 

7. An apparatus according to claim 1, wherein 
said combination head is supported between free 
ends of two parallel leaf springs, one end-portion of 

10 one of said parallel leaf springs being secured and 
the other one end-portion thereof formed said free 
end. 

8. An apparatus according to claim 1, wherein 
said head operating means includes a voice coil 

75 type linear motor, and a magnetic circuit of said 
voice coil type linear motor is closed in a direction 
of said combination head and in a direction of said 
magnetic tape. 

9. An apparatus according to claim 8 further 
20 includes a movable portion connected to said coil 

and disposed between said free ends, said mov- 
able portion having said combination head and a 
supporting member for supporting said combina- 
tion head and capable of synchronizing with a 
25 movement of said a coil of said voice coil type 
linear motor so as to make power of said voice coil 
type linear motor pass tiirough a portion in the 
vicinity of the center of gravity of said movable 
portion. 

30 10. An apparatus according to claim 1 furtiier 
includes detection means for optically detecting tiie 
relative position between said combination head 
and either one or both of widthwise directional 
edges of said magnetic tape, and said detecting 

35 means outputs a signal which controls a switching 
operation of said tracks and tiie relative position 
between said magnetic tape and said combination 
head. 

11. A magnette recording/reproducing appara- 

40 tus of serpentine system capable of 
recording/reproducing a large amount of high den- 
sity data at high speed witii a tracking control for 
predsely positioning a comt>lnation head, said ap- 
(>aratus comprising: 

45 a combination head having a magnetic head cor- 
responding to a magnetic tape formed by a plural- 
ity of tracks arranged in parallel to one another in a 
direction in which said magnetic tape runs; 
a slit formed integrally with said combination head 

50 and having openings whose number is the same as 
ttie number of a plurality of tracks confronting said 
magnetic head in said widthwise end portion and 
said the otiier end portion of said magn tic tape; 
light emitting means disposed in a position con- 

55 fronting one side of s^d magnetic tape and ca- 
pable of emitting light tiirough an end portion in a 
widttiwise direction of said magnetic tape; 
light receiving means having a plurality of light 
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receiving elements disposed at a position confront- 
ing the other side of said magnetic tape for receiv- 
ing said light emitted from said light emitting 
means such that said light receiving means are so 
disposed that outputs from said light receiving ele- 
ments have a predetermined relation which gov- 
erns said feedback control at a time when said 
magnetic head moved to a predetermined track 
position; and 

head operating means capable of moving said 
combination head in said widthwise direction of 
said magnetic tape. 

12. An apparatus according to claim 11, 
wherein said light receiving means is formed in- 
dependently from said combination head and said 
light receiving elements are disposed at a position 
which confronts said opening of said slit plate 
formed at said end portion, and said opening are 
placed in parallel with said opening at the other 
end portion in the widthwise direction of said mag- 
netic tape to one another with said openings in a 
pair correspond to a predetermined track of s^d 
magnetic tape. 

13. An apparatus according to claim 1 2, 
wherein sad slit plate has openings at said end 
portion and said openings at the other end portion 
so disposed that outputs from said light receiving 
elements due to light emitted from said light emit- 
ting means via a pair of opening corresponding to 
said track and to the two widthwise end portions of 
said magnetic tape establish said predetermined 
relationship. 

14. An apparatus according to claim 11. 
wherein said light emitting means is disposed at a 
position confronting said light receiving element via 
said two widthwise end portions of said magnetic 
tape and said slit plate. 

15. An apparatus according to claim 11, 
wherein said combination head is supported be- 
tween free ends of two parallel leaf springs, one 
end-portion of one of said parallel leaf springs 
being secured and the other one end-portion there- 
of formed said free end. 

18. An apparatus according to claim 11. 
wherein said head operating means includes a 
voice coil type linear motor, and a magnetic circuit 
of said voice coll type linear motor is closed in a 
direction of said combination head and in a direc- 
tion of said magnetic tape. 

17. An apparatus according to claim 15 further 
includes a movable portion connected to said coil 
and disposed between said free ends, said mov- 
able portion having said combination head and a 
supporting member for supporting said combina- 
tion head and capabi of synchronizing with a 
movement of said a coil of said voice coil type 
linear motor so as to make power of said voice coil 
type linear motor pass through a portion in the 



vicinity of the center of gravity of said movable 
portion. 

18. An apparatus according to claim 11 further 
includes detection means for optically detecting the 

5 relative position between said combination head 
and either one or twth of widthwise directional 
edges of said magnetic tape, and said detecting 
means outputs a signal which controls a switching 
operation of said tracks and the relative position 

10 between said magnetic tape and said combination 
head. 

19. An apparatus according to claim 11. 
wherein said combination head disposed at a posi- 
tion confronting said side of said magnetic tape 

75 and has a first opening of an opening Saz and a 
second opening of an opening area Sb2 which are 
integrally fonmed with said combination head. 

20. An apparatus according to claim 11. 
wherein said slit plate disposed said the otiier side 

20 in which said opening area Sa2 and said opening 
Sb2 holds ttie relationship Sba ^ n x Saa. where n 
represents a positive integer, and said light receiv- 
ing means formed independently from said com- 
bination head is disposed at a position confronting 

25 said tiie other side of said magnetic tape and has a 
first light receiving element con^esponding to said 
first opening and a second light receiving element 
corresponding to said second opening. 

21. An apparatus according to claim 20, 
30 wherein, said first opening and said second open- 
ing are disposed to said widthwise end portion of 
said magnetic tape, and an output Eaz from said 
first light receiving element and an output Eb2 from 
said second light receiving element holds the rela- 

35 tionship Eb2 = m x Ea2 where m represents a 
positive integer satisfying the relation of 1 ^ m i n 
and differring in accordance with each of relative 
positions between said magnetic head ar>d said 
plurality of tracks in a range in which said magnetic 

40 head can move. 

22. An apparatus according to claim 11, 
wherein, said light emitting means is disposed at a 
position confronting said first light receiving ele- 
ment and said second light receiving element witti 

45 said slit plate and said widthwise end portion of 
said magnetic tape disposed therebetween, and a 
feedback control of said apparatus is controlled by 
said first and second openings having a relation of 
Eb2 = m X Ea2 in accordance witti said output Ea2 

50 and said output Eb2. 

23. An apparatus according to claim 11. 
wherein said slit plate has n pieces of opening Ai 
to An having the same widtii in a direction in which 
said magnetic tape runs on said the other side of 

55 said magnetic tape where n represents a positive 
integer satisfying the relati n of n ^ 3. and n pieces 
of light receiving elements Dbi to Dbn respectively 
corresponding to said openings Ai to An are in- 
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dependently formed with respect to said combina- 
tion head on said one side of said magnetic tape, a 
direction of said widthwise end portion of said 
magnetic tape is anranged to be - Y direction and a 
direction of the other end portion of said magnetic 
tape is arranged to be + Y direction, said opening 
Ai to An are disposed in a - Y direction and in said 
direction in which said magnetic tape runs when a 
direction of said widthwise end portion of said 
magnetic tape is arranged to be - Y direction and a 
direction of the other end portion of said magnetic 
tape is an-anged to be + Y direction, a - Y direc- 
tional end portion of said opening Ai is positioned 
In the - Y direction by the largest degree among 
said opening Ai to A„. an - Y directional end 
portion of said openings A„ is disposed at the n-th 
order in said - Y direction when said opening Ai is 
selected as the first opening, assuming that i repre- 
sents a positive integer satisfying the relation of 1 
^ i ^ n - 1, a pitch between a - Y directional end 
portion of the i-th opening A| and a - Y directional 
end portion of the - + 1-th opening A| + 1 is di. 
said openings Ai to A„ hold the relative positions di 
= d when i ^ 2 and di = (i - 2) x d when 3 ^ i ^ n 
- 1, said openings Ai to A„ are disposed such that 
an output difference between two of said light re- 
ceiving elements Dbi to Dbn due to light emitted 
from said light emitting means becomes an output 
from a light receiving element at a time when said 
magnetic tape moved to an optional track position 
witii respect to said - Y directional end. and a 
relation among output from said three light receiv- 
ing elements differs in according with each of rela- 
tive positions between said magnetic tape and said 
combination head. 

24. An apparatus according to claim 11, 
wherein said light emitting means is disposed at a 
position confronting said light receiving devices 
Dbt to Dbn with said - Y directional end of said 
magnetic tape disposed therebetween, and saids 
predetemined relation is an output relation among 
said three light receiving elements due to light 
emitted from said light emitting means via said - Y 
directional end of said magnetic tape and said 
openings Ai to An. 

25. A magnetic recording/reproducing appara- 
tus in which the position of a composite recording 
head relative to a magnetic recording tape in a 
widthwise direction of the tape is variable for 
multiple-track operation, and in which a feedback 
tracking control means is provided for establishing 
and maintaining a required said relative position, 
said tracking control means being arranged to de- 
tect optically at least one dge of th tape. 

26. A magnetic recording/reproducing appara- 
tus according to claim 25 wherein said tracking 
control means includes a light source and a light 
detector means arranged on respective opposite 



sides of the tape so that light reception by tiie light 
detector means varies as said relative position var- 
ies. 
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0 Magnetic recording/reproducing apparatus. 

0 A magnetic recording/reproducing apparatus of 
serpentine system capable of recording/reproducing 
a large amount of high density data at high speed 
with a tracking control for precisely positioning a 
combination head includes a combination head hay- 
ing a magnetic head conresponding to a magnetic 
tape formed by a plurality of tracks arranged in 
parallel to one another in a direction in which the 
magnetic tape runs, and a light emitting unit dis- 
posed at a position confronting one side of the 
magnetic tape for emitting light in a widthwise direc- 
tion of the magnetic tape. The appratus also in- 
cludes a light receiving unit having a plurality of light 
receiving elements disposed at a position confront- 
ing the other side of the magnetic tape for receiving 
the light emitted from the light emitting unit such that 
the light receiving unit are so disposed that outputs 
from the light receiving elements have a predeter- 
mined relation which governs the feedback control at 
a tim when the magnetic head moved to a pre- 
determined track position, and a head operating unit 
capable of moving the combination head in the 
widthwise direction of the magnetic tape. The ap- 
paratus further has a slit plate formed integrally with 
the combination head and having openings whose 



number is the same as the number of a plurality of 
tracks confronting the magnetic head in the width- 
wise end portion and the the other end portion of the 
magnetic tape. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invenlton 

The present Invention relates to a multi-track 
magnetic recording/reproducing apparatus which 
uses a magnetic tape having a reduced width as a re- 
cording medium. More particularly, the present Inven- 
tion relates to a magnetic recording/reproducing ap- 
paratus capable of precisely recording/reproducing a 
large amount of data at high speed and the precise re- 
cording/reproducing being performed with a precise 
tracking control maintained. 

2. Description of the Related Art 

The inventors know that a magnetic recording/re- 
producing apparatus, except the one having a rotary 
head, used for an audio device has the same numbers 
of the tracks and the recording heads or;the same 
numbers of the reproducing heads and the recording 
heads in pairs. The above-described term "the nunrv- 
ber of the tracks" means the total number of data 
tracks fbnmed in. parallel to the directton in which the 
tape runs. The magnetic recording/reproducing appa- 
ratus of the above described type includes a device 
for restricting the relative positions between the mag- 
netic tape and the magnetic head. The restricting de- 
vice has generally a guide post or the like, having a 
pair of flanges for guiding the two vertical ends of the 
magnetic tape so as to make it run toward the f bced 
magnetic head, is formed in a passage through which 
the magnetic tape runs. Thus, the vertical movement 
of the magnetic tape is restricted. 

On the other hand, a multi-track magnetic record- 
ing/reproducing apparatus used for a backup storage 
of an information processing system, so-called "a 
cassette streamer", employs a recording/reproducing 
system known as "a serpentine system". A conven- 
tional serpentine system has a pair of a recording 
head for recording and a reproducing head for repro- 
ducing the contents when a magnetic tape Is run In 
one direction and another pair of a recording head for 
recording and a reproducing head for reproducing the 
contents when the magnetic tape is run in the other 
direction so that it is capable of corresponding to a 
plurality of tracks. In this system. Information Is suc- 
cessively recorded or reproduced from tracks during 
the running of the magnetic tape In one direction or 
in the other direction instead of recording information 
on a plurality of tracks of the magnetic tape simulta- 
neously. At th time of the above-described opera- 
tion, th tracks are switched by m ving the above- 
described two pairs of the r cording heads and the re- 
produdng heads, and the positioning of th magnetic 
tap toth positi nofadesir d track is simultaneous- 



ly perform d. Ther is a known device for restricting 
the relative positions bet we n th head and the mag- 
netic tape as disclosed in JP-A-62-183019 in which 
th positioning of th headisachi ved In accordance 

5 with an open loop control method with a stepping mo- 
tor provided in which the restricting flanges are used 
in addition to the above-described structure. 

Recently, a combination head having multiple 
heads has been developed in accordance with an ad- 

10 vancement of a thin film magnetic head. Therefore, 
multi-track magnetic recording/reproducing appara- 
tus enabling higher density storage have been devel- 
oped. The apparatus of the type described above is 
capable of recording information in a narrow track 

15 width, reducing the allowable offtrack dis- 
tance.Therefore, In order to operate a precise track- 
ing control, the device for restricting the relative pos- 
itions between the tape and the head has an addition- 
al structure which followup-controls the magnetic 

20 head with respect to the waving movement of the . 
magnetic tape. The added structure is a head moving 
device for moving the magnetic head inthewidthwise^ 
direction of a tape in addition to the above-described 
mechanism in which the flanges are provided for the . 

25 .purpose of restricting the vertical movement of the 

. . magnetic tape. , 

. The apparatus of the type described above is ex- 
emplified by a fixed-head digital audio tape reconder 
.-which has the same numbers of the recording heads 

30 ^nd the tracks or the same numbers of the reproduc- 
7jng.heads.each of which forms a pair with the above- 
described recording heads and the tracks. The appa- 
ratus of the type described above is arranged, as dis- 
^ ^closed in the Trans. lECE Japan EA83-56, Trans. 

35 HECE Japan EA81-64 and the Sharp Engineering Re- 
port 1984-28, a servo-only track formed on the mag- 
rnetic tape is traced by two parallel reproducing heads 
. disposed in the width wise direction of the tape so as ^ 
to compare and followup-control the reproduction 

40 output therefrom for restricting the relative positions 
between the magnetic head and the magnetic tape. 

Another device for restricting the relative posi- 
tions between the tape and the head has been dis- 
closed in Japanese Patent Publication No. 63-64811 

45 in which a structure for magnetically detecting the rel- 
ative positions between an end portion of the magnet- 
ic tape and the magnetic head is provided for a mag- 
netic recording/reproducing apparatus arranged to 
have the same number of the heads and the tracks. 

so However, the device for restricting the relative 
positions between the tape and the head has a guide 
post having flanges which restrict the vertical move- 
ment of the magnetic tape by contacting the vertical 
ends f th magn tic tape with the flanges of the 

55 guide post. Therefore, if a magnetic tape having a 
width which is larger than th distance betw en the 
upper flange and the lower flange is driven, the mech- 
anical stresses act upon the two vertical ends of the 
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magnetic tap and cause th two vertical ends of th 
magnetic tap to be damaged. Therefore, the restric- 
tion width in th above-d scribed restricting device is 
limited to several tens of ^m, because th nd por- 
tions of the magnetic tape must be protected from the 
damage. Consequently, in a high density magnetic 
recording/reproducing apparatus in which the allow- 
able off track is arranged in the range from ten and 
several ^m to several tens of ^m. the above- 
described structure in which the movement of the 
magnetic tape is restricted by the flanges or the like 
cannot correspond to the above-described allowable 
offtrack. 

When a higher recording density is desired, the 
width of the t rack of the magnetic tape can be reduced 
by reducing the width of the track of the magnetic 
head. However, the reduction In the track pitch in- 
volves a certain limit since the integration of the thin 
film head is limited to a certain degree. Furthermore, 
an Increase in the number of the heads causes the 
size of the circuit to be enlarged and the overall cost 
is thereby risen. Therefore, a high density magnetic 
recording/reproducing apparatus which is provided 
with the pitch of the tracks is several tens of ^m and 
the several tens to hundreds of tracks cannot employ 
the same number of the heads and the tracks. 

On the other hand, the multi-track magnetic re- 
cording/reproducing apparatus so-called a cassette 
streamer and employing the conventional serpentine 
system is arranged to record/reproduce information 
on the multiplicity of the tracks by moving the mag- 
netic head in the widthwise direction of the magnetic 
tape. Therefore, the recording/reproducing can be op- 
erated by moving the magnetic head in several times 
even if the track pitch is reduced and the number of 
the tracks Is Increased. Therefore, the integration of 
the thin film head does not encounter a problem. 

. However, the track width necessarily becomes 
several tens of ^m when the track pitch is made sev- 
eral tens of ^m. Therefore, the allowable offtrack also 
becomes ten and several ^m to several tens of ^m. It 
leads a fact that the device for restricting the relative 
positions between the tape and the head, in which the 
restriction by means of the flanges or the like and the 
open loop control by using the stepping motor are 
performed, does not correspond to the above- 
described allowable offtrack. 

It might therefore be considered feasible to enrv 
ploy a structure for overcoming the above-described 
problem in terms of the allowable offtrack, the struc- 
ture being arranged such that the relative positions 
between the magnetic head and the magnetic tape is 
detected by a sensor and the head operating device 
is f ed-back controlled by a det ction signal so that 
th magnetic head Is tracking-controlled. 

How V r, if the above-described tracking c ntrol 
ofsev ral^misd sired to be achieved, a m chanism 
for supporting th magn tich ad, a power source for 



th magnetic head, a mechanism for transmitting 
power to the magnetic head, and a sensor ford t ct- 
ing th r lativ positions betw en th magn tic tap 
and the magnetic head must b constituted pr cisely. 

5 However, the conventional head operating device has 
a complicated structure and a large dead zone since 
It includes the power source utilizing a rotary motor 
such as the stepping motor, a mechanism for convert- 
ing the rotational motion of the rotary motor into a lin- 

10 ear motion, a bearing supporting mechanism and the 
like. Therefore, a desired control accuracy cannot be 
obtained. Furthermore, since a mechanism for sup- 
porting the magnetic head by means of parallel leaf 
springs is employed in the conventbnal structure, a 

15 feedback control with an excellent gain cannot be ob- 
tained easily due to an influence of the secondary 
resonance. The secondary resonance takes place 
because the magnetic head is secured to either of the 
leaf springs or because the mechanism for supporting 

20 the magnetic head is connected to the above- 
described mechanism for converting the rotational 
motion of the power source for the magnetic head into 
the linear motion. 

Furthermore, if the tracking control by means of 

25 the servo track of the type employed in the above- - 
described fixed-head digital audio tape recorder is 
operated in accordance with the serpentine method, 
a multi-servo tracks must be provided and problems 
in terms of a recording density on the servo track 

30 arise. Therefore, even If the method of this type is em- 
ployed, high density recording cannot be obtained 
satisfactorily. 

SUMMARY OF THE INVENTION 

35 

An object of the present inventton is to provide a 
magnetic recording/reproducing apparatus system 
capable of recording/reproducing a large amount of 
high density data at high speed with a tracking control 

40 for precisely positioning a combination head. The ap- 
paratus of the present invention is capable of record- 
ing/reproducing the data without providing flanges for 
restricting the relative positions between the magnet- 
ic tape and the magnetic head and without a servo 

45 track on the magnetic tape. 

Accordingly the invention provides a magnetic re- 
cording/reproducing apparatus comprising a compo- 
site magnetic head having a number of recording/re- 
producing heads less than the number of tracks pro- 

50 vided on a magnetic tape in parallel with each other 
and with the direction (X) in which the tape runs, said 
composite head being movable relative to the mag- 
netic tape in the widthwise direction (Y) of the tape to 
a number of p rational positi ns at each of which 

55 said heads are aligned with a respecth^e set f de- 
sired nes of said tracks, characteris d by control 
m ans f r s tting and maintaining said composite 
head at a selected on of said positions, said control 



3 



5 



BP 0 390 55S B1 



6 



means including an ptical system having a light mit- 
tingm ans and a multi-elem nt light r ceiving means 
disposed on opposit sides of th tape, and anranged 
to transmit light past at least on edge of the tape in 
such a way that the pattern of light transmitted to said 
multi-element light receiving means is dependent 
upon said operational position of the composite head 
relative to the tape. 

According to a first emt>odiment the light receiv- 
ing means comprises first and second light receiving 
elements which are arranged so that the output of the 
second light receiving element Is a multiple of the out- 
put of the first light element and dependent upon the 
operational position of the composite magnetic head. 
Preferably in each operational position of the compo- 
site magnetic head a constant area of said first light 
receiving element is exposed to light from said light 
emitting means whilst the area of the second light re- 
ceiving element exposed to light from the light emit- 
ting means varies In dependence upon the operation- 
al position of the composite magnetic head. In a pre- 
ferred embodiment the quantity of light received by 
the second light receiving element in each operational 
position of the composite magnetic head is an integer 
multiple of the light received by the first element, 
.where the integer multiple corresponds to the respec- 
tive operational position. 

In one aspect of the first embodiment the light re- 
ceiving means is mounted to and movable with the 
composite magnetic head. In a second aspect a slit 
plate Is mounted to the composite magnetic head and 
is movable therewith, the slit plate being movable be- 
tween the light emitting means and the light receiving 
means and having aperture means therein which con- 
trols the pattern of light transmitted to the first and 
second light receiving elements in dependence upon 
the operational position of the composite magnetic 
head. According to this second aspect of the first enrv 
bodiment the aperture means may comprise a first 
aperture allowing a constant area of the first light re- 
ceiving element to be illuminated by the light emitting 
means and a second aperture Illuminating an area of 
the second element in dependence upon the opera- 
tional position of the composite magnetic head. 

According to a second embodiment a plurality of 
spaced apart light receiving elements may be provid- 
ed adjacent an edge of the tape, the arrangement be- 
ing such that outputs of selected ones of said light re- 
ceiving elements have predetemnined relationships In 
each of the operational positions. Preferably for each 
operational position the output of a selected light re- 
ceiving element equals the sum of the output of two 
other selected light receiving elements. 

According to a first aspect of the second emb di- 
ment the light r c ivingelem nts are mounted to and 
m vable with th composit magnetic head. Prefer- 
ably the light rec ivingel ments are In operati n dis- 
placed by differing amounts from an edge fthetap . 



The pitch di between th nds of adjacent light receiv- 
ing lem nts Dai, Da^^i in th lateral dir ction to the 
tap is preferably det rmined according to: 
d| = d wh n i ^ 2 

5 and 

di = (i - 2) d when 3 ^ i ^ n - 1 
where d is the pitch of the tracks on the mag- 
netic tape and n is the number of light receiving ele- 
ments. 

10 According to a second aspect of the second em- 
bodiment a slit plate is mounted to the composite 
magnetic head and movable therewith, the slit plate 
being movable between the light emitting means and 
the light receiving means and having aperture means 

15 which selectively allows light to pass from the light 
emitting means to selected ones of the light receiving 
elements In a pattern dependent upon the operating 
position of the composite magnetic head. Preferably 
the aperture means comprises a plurality of slits 

20 wherein each slit is arranged to allow light to pass 
from the light emitting means to a respective light re- 
ceiving element and selected ones of the operational 
positions of the composite magnetic head. The pitch 
: d| between the ends of adjacent slits Aj and A^i of the 

25 ,^,slit plate in the lateral direction of the magnetic tape 
is preferably determined according to 
d| = d when I ^ 2 

and 

d| = (i - 2) d when 3 ^ I ^ n - 1 
30 . where d is the pitch of the tracks on the mag- 
. netic tape and n is the number of slits. 

According to a third embodiment a plurality of 
^ light receiving elements are provided adjacent each 
. edge of the magnetic tape. The number of light receiv- 
35 ^ Ing elements adjacent each edge of the tape is pre- 
ferably equal to the number of operational positions. 
The pairs of light receiving elements are preferably 
, arranged with one element of each pair adjacent each 
edge of the magnetic tape, the arrangement being 
40 such that the outputs of each pair of light receiving 
elements satisfy a predetermined relatk)nship when 
the composite magnetic head is in a respect one of 
the operational positions. Preferably the predeter- 
mined relationship is that the outputs of the light re- 
45 ceiving elements of a pair of light receiving elements 
are balanced. 

According to a first aspect of the third embodi- 
ment the light receiving means is mounted to the conr>- 
posite magnetic head and movable therewith, the 
50 light receiving elements being positioned so that light 
receiving elements of respective pairs of light receiv- 
ing elements are substantially aligned with respective 
edges of the magnetic tape in each respective opera- 
tional position. 

55 According to a second aspect of the third mbodi- 

mentaslitplat isnrK)unt dt th composite magnet- 
ic head and movable between the light mitting 
means and the light receiving means having aperture 
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means therein which allows light t pass through re- 
spective pairs of light emitting I m nts in ach re- 
spective operational position. Pr f rably th light re- 
0 iving elements ar arranged along the dg s of the 
magnetic tape and the aperture means comprises a 
plurality of apertures which permit light to pass to a 
respective pair of light receiving elements in each re- 
spective operational position. 

The composite magnetic head of the foregoing 
embodiments is preferably supported between free 
ends of two parallel leaf springs. The control means 
preferably includes a voice coil type linear motor for 
setting and maintaining the composite head at a se- 
lected one of the operational positions. The voice coil 
type linear motor preferably has a magnetic circuit 
which is closed in the direction of the composite mag- 
netic head and in the direction of the magnetic tape. 
Preferably the composite magnetic head is mounted 
on a support means which is disposed t)etween the 
free ends of the parallel leaf springs. The support 
means being responsive to movement of the coll of 
the voice coil type linear motor to set and maintain the 
operational position of the composite magnetic head. 
The voice coil is preferably connected to the support 
means in such a manner that force from the voice coil 
is applied in the vicinity of the centre of gravity of the 
support means. 

The light receiving elements may be manufac- 
tured using semiconductor technology to enable the 
composite magnetic head to be positioned with suffi- 
cient accuracy. The apertures of the slit plates may be 
produced using etching technology to ensure that suf- 
ficient accuracy Is achieved. 

The use of a voice coil type linear motor over- 
comes the dead zone and frictional load problems 
previously encountered. The leakage flux from the 
voice coil type linear motor is reduced by closing the 
magnetic circuit of the voice coil type linear motor in 
the direction of the combination head and the mag- 
netic tape. 

The composite magnetic head is preferably 
mounted to a support member which is disposed be- 
tween the free ends of two parallel leaf springs. The 
voice coil type linear motor Is arranged to transmit 
force to the support member in the vicinity of the cen- 
tre of gravity thereof. This arrangement allows a re- 
duction of secondary resonance and increases the 
precision of the servo control. 

The optical system of the invention enables the 
combination head to be accurately positioned without 
the need for a servo track. Furthermore, the arrange- 
ment of light receiving elements ensures that the sys- 
tem is temperature compensated. 

The recording/reproducing apparatus of the in- 
vention nables a composite magnetic head to be ac- 
curately positi n d on th magnetic tape to all w a 
large amount of data t be recorded at high sp ed. 
The apparatus is particularly suitabl for use in a ser- 



pentin type system. 

Th pr s nt invention will be apparent from th 
following d scriptionofth pref rredembodim nts of 
th invention as illustrated in th accompanying 
5 drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic front elevational view of the 
10 magnetic tape and the combination head for a 
magnetic recording/reproducing apparatus ac- 
cording to the present invention: 
Fig. 2 is a front elevational view which Illustrates 
the relative positions among a magnetic tape, a 
15 combination head and a light receiving device; 

Fig. 3a is a schematic plan view which illustrates 
the relative positions among the magnetic tape, 
the combination head and the light-receiving de- 
vice; 

20 Fig. 3b is a front elevational vie^ which illustrates 
the relative positions among the magnetic tape. - 
the combination head and the light-receiving de- 
vice; 

Fig. 4 is a front elevational view which illustrates 
2$ the relative positions among the magnetic tape, 

the light receiving device of the combination 

head, the reference opening and an opening for 

detecting the positional relationship; 

Fig. 5a is a schematic plan view which illustrates 
30 the relative positions among the magnetic tape, 

the combination head, a light-receiving device 

and a slit plate; 

Fig. 5b is a front elevational view which illustrates 
the relative positions among the magnetic tape, 
35 the combination head, a light-receiving device 
and a slit plate; 

Fig. 6 is a front elevational view which illustrates 
the relative positions among the magnetic tape, 
the combination head and the light receiving de- 
40 vice; 

Fig. 7a is a schematic plan view which illustrates 
the relative positions among the magnetic tape, 
the combination head and the light-receiving de- 
vice; 

45 Fig. 7b is a front elevational view which illustrates 
the relath^e positions among the magnetic tape, 
the combination head and the light-receiving de- 
vice; 

Fig. 8 is a front elevational view which illustrates 
50 the relative positions among the magnetic tape, 
the combination head, the light receiving device 
and openings formed in the slit plate; 
Fig. 9a is a schematic plan view which illustrates 
the relative positions among the magnetic tape, 
55 the combination head, the light-receiving device 

h Idingm mber and the slit plate; 
Fig. 9b is a front el vational view which illustrates 
the relative p siti ns am ng the magnetic tap , 
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the combination head, the light-receiving device 
holding member and th slit plat ; 
Fig. 1 0 Is a front I vational view which illustrates 
the r lativ positions among the magn tic tap , 
the combination head and the light receiving de- 
vice; 

Fig. 11 a Is a schematic plan view which illustrates 
the relative positions among the magnetic tape, 
the combination head and the light-receiving de- 
vice holding member, 

Fig. 11b Is a front elevational view which illus- 
trates the relative positions among the magnetic 
tape, the combination head and the light- 
receiving device holding member; 
Fig. 1 2 is a front elevational view which illustrates 
the relative positions among the magnetic tape, 
the combination head, the light-receiving device 
and openings formed in the slit plate; 
Fig. 13a is a schematic plan view which illustrates 
the relative positions among the magnetic tape, 
the combination head, the I ight-receh<ing device 
holding member and the slit plate; 
Fig. 13b is a front elevational view which illus- 
trates the relative positions among the magnetic 
tape, the combination head, the light-receiving 
device holding member and the slit plate; 
Fig. 14 is a perspective view which illustrates the 
magnetic tape in non-loaded state; 
Fig. 1 5 is a perspective view which illustrates the 
magnetic tape in loaded state; 
Fig. 16 illustrates the structure of a tracking con- 
trol; 

Fig. 17 Illustrates the transfer function of the 
spring system of the parallel leaf spring support- 
ing structure shown in Figs. 14 and 15; and 
Fig. 18 illustrates the transfer function of the 
spring system when the combination head and 
the holder are not disposed between the parallel 
leaf springs with the axis of abscissa represent- 
ing frequencies and the axis of ordinate repre- 
senting gains. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A first embodiment of the present invention will 
now be described with reference to Figs. 1 to 3. 

A magnetic recording/reproducing apparatus ac- 
cording to the present invention is suitable for record- 
ing and reproducing data in accordance with a ser- 
pentine method in which magnetic heads whose num- 
ber is smaller than the number of the tracks of the 
magnetic tape used. First, the serpentine method 
which is used for the recording/reproducing appara- 
tus according to the present invention will be descri- 
b d with reference to Fig. 1. R f rring t Fig. 1, it is 
assumed that the direction In which a magnetic tape 
11 runs is X and that th widthwise directi n of th 



magnetic tape 11 is Y. A track group 12 is formed on 
th magn tic tap 11. th track group 12 having 16 
tracks Ti to Tie iri th dir ction Y at th sam pitch a. 
A combination head 1 3 has four r cording heads 

5 to W4 and reproducing heads R^ to R4 which are inte- 
grally formed and disposed so as to conrespond to the 
above-described track group 12. The recording 
heads Wi to W4 are In parallel provided in the direc- 
tion Y at the same pitch b (b = 4a), while the repro- 

10 ducing heads Ri to R4 are disposed in parallel in dn 
rection X or - X in such a manner that they form pairs 
with the corresponding recording heads Wi to W4. 
The recording heads Wi to W4 and the reproducing 
heads Ri to R4 which form the pairs are alternately 

15 disposed in the direction Y. 

When data is recorded or reproduced, the above- 
described combination head 1 3 is first moved to a 
position shown in Fig. 1. That is, it is moved to a pos- 
ition so as to make the center of the recording head 

20 . W] and thatpf the reproducing head Ri coincide with 
the center of the track Ti, the center of the recording 
head W2 and that of the reproducing head R2 cojncide 
with the center of the track T5, the center of the re- 
cording head W3 and that of the reproducing head R3 

25 coincide with the center of the track T9, and the center 
of the recording head W4 and that of the reproducing 
hjead R4 coincide with the center of the track T13. 
Then, while maintaining the established relative pos- 
itions, the magnetic tape 11 is allowed to run in the di- 

30 rection X when data is recorded so that data is simul- 
taneously recorded on the tracks Ti and Tg by using 
the recording heads Wi and W3. When the recording 
to the tape-end has been completed, the magnetic 
. tape 11 is allowed to run in the - X direction so that 

35 data is simultaneously recorded on the tracks Ts and 
Ti3 by using the recording heads W2 and W4. After the 
recording to the tape-end has been completed, the 
combination head 13 is moved in the - Y direction by 
a distance a so that the center of the recording head 

40 Wi and that of the reproducing head Ri coincide with 
the center of the track T2. With the established rela- 
tive positions maintained, the magnetic tape 11 is 
again allowed to run in the direction X so that data is 
recorded on the tracks T2 and T10 by using the record- 

45 ing heads Wi and W3. After recording to the tape-end 
has been completed, the magnetic tape 11 is then al- 
lowed to run in the direction - X so that data is record- 
ed on the tracks Te and T14 by using the recording 
heads W2 and W4. Similarly, data is recorded on all 

50 of the tracks Ti to Tie. According to this embodiment, 
since the number of the reproducing heads and the 
number of the recording heads are respectively ar- 
ranged to be four with respect to the 1 6 tracks, the rel- 
ative positi ns betw n th nnagnetic tape 11 and the 

55 c mbination head 13 become f urp siti ns. 

N w, a tracking control d vice of the magnetic re- 
cording/r producing apparatus according t the pres- 
ent inv nti n will b describ d with ref rence to Figs. 
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2 and 3. 

As shown in Figs. 2, 3a and 3b, th magn tic re- 
cording/r producing apparatus includes th combin- 
ation head 21 having a light-r c iving d vice holding 
member 22 formed integrally with the combination 
head 21. 

A magnetic tape 23 has a track group 24 consti- 
tuted by the 48 tracks Ti to formed in the direction 

Y at the same pitch as shown in Fig. 2. According to 
this embodiment, width C of the magnetic tape 23 is 
arranged to be 6,35 mm (1/4 inch) and the track pitch 
is arranged to be 120 ^m. 

The combinatbn head 21 includes 8 recording 
heads to Wg and reproducing heads to Ra which 
are Integrally formed with the combination head 21. 
The recording heads Wi to Ws are disposed in the di- 
rection Y at a pitch of 720 (im. while the reproducing 
heads Ri to Ra are disposed in the direction X or - X 
forming pairs with the corresponding recording heads 
Wt to Ws. The recording heads Wi to Ws and the re- 
producing heads R^ to Ra which fbnm pairs are alter- 
nately disposed in the direction Y. When the magnetic 
tape 23 Is allowed to run in the direction X, the four 
recording heads Wi, W3, W5 and W7 of the combina- 
tion head 21 perform the recording When the magnet- 
ic tape 23 Is allowed to run in the direction - X, the four 
recording heads W2, W4. We and Wa perform the re- 
cording. Furthermore, whenever the magnetic tape 
23 reciprocates once, the combination head 21 is 
moved In the direction - Y so that the combination 
head 21 is positioned at 6 retath^e positions with re- 
spect to the magnetic tape 23. As a result, all of the 
48 tracks T^ to T4a are subjected to the data record- 
ing/reproducing. 

Furthermore, the light-receiving device holding 
member 22 has a reference outputting light receiving 
device 25a serving as a first light receiving device and 
a light receiving device 25b for detecting the relative 
position and serving as a second light receiving de- 
vice, which are formed at positions adjacent to the - 

Y directional edge of the magnetic tape 23. The light 
receiving devices 25a and 25b can be moved in ac- 
cordance with the movement of the combinatk)n head 
21 in the ± Y directions since the light-receiving de- 
vice holding member 22 is integrally formed with the 
combination head 21. The light receiving surface of 
the light receiving device 25a is arranged such that its 

Y directional width el is 120 ^m which is the same 
width as that of the tracks Ti to T4S while its X direc- 
tional width Is f with which a sufficient output level can 
be obtained. The light receiving device 25b is fonned 
near the light receiving device 25a and the light re- 
ceiving device 25b has a light receiving surface 
whose X directional width is arranged to b f and 
whos Y directi nal width 62 is arrang d be a proper 
valu h Idingther lati nshipe2^720^m.Th utput 
I v If r a unit area f the two light receiving devices 
25a and 25b are arranged t beth sam .Therefer- 



nce-outputting light r ceiving d vice 25a is posi- 
tion d such that it is not conceal d by the magn tic 
tap 23. The light receiving d vie 25b for det cting 
th r lative positions is provided such that its - Y di- 

5 rectional end is not covered by the -Y directional edge 
of the magnetic tape 23 when the recording head Wi 
and the reproducing head Ri are at the track position 
Ti. Furthermore, it is structured such that its light re- 
ceiving area exposed from under the magnetic tape 

10 23 becomes enlarged in accordance with the move- 
ment of the combination head 21 in the direction - Y. 
When the combination head 21 moved to each of the 
relative positions with respect to the magnetic tape 
23, output Eai from the light receiving device 25a and 

15 output Ebi from the light receiving device 25b hold the 
following relationship: 

Ebi = m X Eai 
(1 ^ m, where m represents a positive integer) 
The above-described numeral m represents 

20 each of the relative positions between the reproduc- 
ing head Ri of this combination head 21 and the plur- 
ality of tracks Ti to Te positioned in a range in which 
the reproducing head Ri can move, the numeral m 
can be a different value in accordance with each of 

25 the relath^e positions. That is, according to this enrv 
bodiment, for example, when the recording head Wi 
moved to the positions of the tracks Ti, T2, T3, T4, Ts 
and Te, the each of the following relationships is es- 
tablished: Ebi = E^i, Ebi = 2Eai, Ebi = 3Eai, Ebi = 

30 4Eai, Ebi - 5Eai and Ebi = 6Eai. 

The light receiving devices 25a and 25b are con- 
nected to a head operating unit (omitted from illustra- 
tion). The head operating unit feedback-controls the 
combination head 21 in the ± Y directions so as to 

35 make outputs Ea1 and Ebi from the light receiving 
devices 25a and 25b to hold the relationship Ebi = m 
X Eai. As a result, the relative positions between the 
magnetic tape 23 and the combination head 21 are 
held at predetermined positions as described above. 

40 As shown in Figs. 3a, 3b, light emitting unit 26 ca- 
pable of emitting light of a sufficient quantity to the 
light receiving devices 25a and 25b is disposed in a 
portion confronting the light receiving devices 25a 
and 25b with the - Y directional end of the magnetic 

45 tape 23 disposed therebetween. 

When ail of the tracks Ti to T4S including the 
tracks Ti, T13, T^, and T37 are subjected to the data 
reproduction operation of the magnetic recording/re- 
producing apparatus structured as described above, 

50 the combination head 21 is operated by the head op- 
erating unit so that the reproducing head Ri and the 
track Ti. the reproducing head R3 and the track T13, 
the reproducing head R5 and the track T26 and the re- 
producing head R7 and the track T37 are moved t th 

55 c nres ponding relativ positions with respect to the 
magn tic tap 23.Atthistim .theh ad peratingunit 
m ves th combination head 21 so as t mak th 
output Eai the light receiving device 25a and th 
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output Ebi from th light receiving device 25b Inold the 
following relationship: 

Ebi = Eai 

Furthermor ,th head operating unit makes th com- 
bination head 21 follow the weaving of the magnetic s 
tape 23 so that the relative positions between the 
magnetic tape 23 and the combination head 21 are 
maintained. Therefore, the relative position between ^ 
the combihation head 21 and the magnetic tape 23 
can be held correctly. In this state. when the magnetic io 
tape 23 is allowed to run in the X direction, the data 
on the tracks Ti, T13, T25 and T37 are reproduced by 
the reproducing heads Ri, R3, Rs and R7. When the 
reproduction to the end portion of the magnetic tape 
23 has been completed, the magnetic tape 23 is al- 15 
lowed to run in the - X direction so that the each data 
on the tracks T7, T19, T31 and T43 is reproduced by the 
reproducing heads R2, R4, Re and Re respectively. 

When data reproduction for one reciprocation has 
been completed, the combination head 21 is moved ^ , 20\ 
by the head operating unit to the relative position of 
the magnetic tape 23 at which'the reprdductioh head ' 
Ri cbnrespbnds to the track T2, the reproduction h 
R3 corresponds to the track T^, the reproduction 
head R5 corresponds to the track T2B and the repro- , 25 
duction head R7 corresponds to the track T38. At this 
time, the head operating unit rnoves the qombinatto^^ ^ . 
head 21 so as to make the output Eai from the light 
receiving device 25a and the output Ebt from the light 
receiving device 25b to hold the following relation- 30, 
ship: 

Ebi = 2Eai 

When the magnetic tape 23 is allowed to run in the X 
direction, data on the tracks T2, T^, T26 and T38 is re- 
produced by the reproducing heads Ri , R3, R5 and R7. 35 , 
Then, the magnetic tape 23 is allowed to run in the - 
X direction so that each data on the tracks Tq. T20. T32 
and T44 is reproduced respectively. Then, the similar 
operation Is repeated until the magnetic tape 23 is re- 
ciprocated 6 times so that data on all of the tracks Ti 40 
to T43 Is reproduced. The above-described operation 
is similarly applied to the recording operation. 

In general, the output from the light receiving de- 
vice such as a photo-diode and that from the light 
emitting unit such as a light emitting diode can be 45 
easily changed due to the influence of the ambient 
temperature. However, the tracking control device 
according to this embodiment is structured such that 
the output Ebi from the light receiving device 25b for 
detecting the relative position is an Integer multiple of 50 
the output Eai from the reference-outputting light re- 
ceiving device 25a at each of the relative positions be- 
tween the magnetic tape 23 and the combination 
head 21 . Therefore, the position c ntrol can be stably 
controll d without an influenc of temperature. 55 

The positi ns of the light receiving d vices 25a 
and 25b are not limited to th ab ve-describ d de- 
scription in which th y are disposed at the - Y direc- 



tional edge of the magn tic tape 23. Another struo 
tur may b mploy d in which they ar disposed at 
the + Y dir cttonal dg of th magnetic tape 23. In 
thiscase.th areaofapp aranc ofthelightr ceiving 
surface of the light receiving device 25b is decreased 
in accordance with the movement of the combination 
head 21 in the direction - Y. This structure may also 
^e appliedjo Uie fqHpwing em^ ^ 

A second embodiment of the present invention 
will be described with reference to Figs. 4 and 5. The 
elements having the same f uncttons as those shovm 
in the aforesaid embodiment are given the same ref- 
erence numerals and their descriptions are omitted. 

As shown in Figs. 4, 5a and 5b, the nrtagnetic re- 
cording/reproducing apparatus according to this enrv 
bodiment includes a combination head 21 for record- 
ing/reproducing data from the magnetic tape 23, the 
combination head 21 having a slit plate 27 integrally 
formed with the combination head 21 . The structure 
of the magnetic tape, 23 and that of the combination 
head 21 can be the same as those according to the 
first embodiment. 

A light-receiving device holding member 22 is 
disposed to the side of the slit plate 27 opposite to the 
side confronting the magnetic tape 23, the light- 
receh^ing device holding member 22 being fbmned in- 
dependency from combination head J21 and the 
slit plate 27. the light-receiving device holding menrv. 
ber 22 has a reference-outputting light receiving de- 
vice 28a serving as the first light receiving device and 
a light receh^ing device 28b for detecting the relative 
position and serving as the second light receiving de- 
vice at a positk>n corresponding to the - Y directional 
end of the magnetic tape 23. the light receiving devic- 
es 28a and 28b being disposed in the direction X. The 
large portion of the light receh^ing surface of the light 
receiving device 28a and that of 28b are positioned in 
the direction - Y by larger degrees than the - Y direc- 
tional edge of the magnetic tape 23. The light recehr- 
ing surface of the light receiving device 28a and that 
of 28b are arranged such that the X directional width 
f H is larger than the X directional width f of a reference 
opening 27a and that of an opening 27b for detecting 
the relative position. On the other hand, the Y direc- 
tional width f V, is larger than the Y directional width 
e2 of an opening 27b for detecting the relative posi- 
tion. The output levels for a unit area of the two light 
receiving devices 28a and 28b are arranged to be the 
same. The above-described slit plate 27 has the ref- 
erence opening 27a serving as the first opening and 
an opening 27b for detecting the relative position and 
serving as the second opening. The reference open- 
ing 27a is arranged such that its Ydirecttonal opening 
width el is 120 ^m which is the sam width as that of 
the tracks Ti to T48 whil its X directional opening 
width is f with which a sufficient output lev I can b 
btain d. Th pening 27b for detecting the relativ 
positi n is fonned n ar th ref rence p ning 27a 
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and it has th X directional width of f and whose Y di- 
r ctional width 82 has a prop r valu holding th re- 
lationship 2 = 720 iim. The ref renceop ning27ais 
positioned such that it is not obstructed by the mag- 
netic tape 23. Furthermore, when the reference open- 
ing 27a is moved in the direction Y in accordance with 
the movement of the combination head 21 in the di- 
rection Y, It is arranged so as to allow a predetermined 
area of the light receiving surface of the light receiving 
device 28a to be illuminated for all of the movement 
range of the reference opening 27a. The opening 27b 
for detecting the relative positions . is provided such 
that its- Y directional end appears from the - Y direc- 
tional edge of the magnetic tape 23 when the record- 
ing head Wi and the reproducing head Ri are at the 
track position T^ Furthermore, the opening 27b Is 
structured such that its opening area appearing from 
the magnetic tape 23 becomes enlarged and the illu- 
minated area of the light receiving surface of the light 
receh^ing device 28b is increased in accordance with 
the movement of the combination head 21 in the di- 
rection - Y . When the combination head 21 moves to 
each of the relative positions with respect to the mag- 
netic tape 23, output Ea2 from the light receiving de- 
vice 28a due to light which passed through the refer- 
ence opening 27a and output Eba from the light re- 
cemng device^28b due to light w^ich passedLthrqugh 
the opening 27b for detecting the relative position 
have the following relationship: 

Eb2 = m X Ea2 
(1 ^ m. where m represents a posith^e integer) 

The above-described numeral m represents the 
each of the relath^e positions between, for example, 
the reproducing head of the combination head 21 
and the plurality of tracks Ti to Te positioned in a 
range In which the reproducing head Ri can move, the 
numeral m can be a different value in accordance with 
each of the relative positions. That is, according to 
this embodiment, when the recording head Wi moved 
to, for example, the positions of the tracks Ti, T2, T3, 
T4, Tsand Tq, each of the following relationships is es- 
tablished: Eb2 = Ea2, Eb2 = 2Ea2> Eb2 = 3Ea2, Eb2 = 
4Ea2, Eb2 = 5Ea2 and Eb2 = 6Ea2. 

The light receiving devices 28a and 28b are con- 
nected to head operating unit (omitted from illustra- 
tion). The head operating unit feedback-controls the 
combination head 21 in the ± Y directions so as to 
make the outputs Ea2 and Eb2f rom the light receiving 
devices 28a and 28b to hold the relationship Eb2 = m 
X Ea2. As a result, the relative positions between the 
magnetic tape 23 and the combination head 21 are 
held at a predetermined positions as described 
above. 

As shown in Figs. 5a, 5b, the light emitting unit 26 
is disposed In a p rtion confronting the ref rence 

penlng27aandth opening 27b for det ctingtherel- 
ativ p siti n In the slit plate 27 with the Ydirecti nal 

dge f th magn tic tap 23 disposed therebetw- 



een. 

When all of the tracks T^ to T4a including the 
tracks T^, T13, T25. and T37 are subjected to th data 
reproduction operation of th magnetic r cording/re- 

5 producing apparatus structured as described above, 
the combination head 21 Is operated by the head op- 
erating unit so that the reproducing head R^ and the 
track Ti, the reproducing head R3 and the* track T13, 
the reproducing head R5 and the track T25 and the re- 

10 producing head R7 and the track T37 are moved to the 
corresponding relative positions with respect to the 
magnetic tape 23. At this time, the head operating unit 
moves the combination head 21 so as to make the 
output Ea2 from the light receiving device 28a and the 

15 output Eb2 from the light receiving device 28b hold the 
following relationship: 

Eb2 = Ea2 

Furthermore, the head operating unit makes the conn- 
bination head 21 follow the weaving of the magnetic 

20 tape 23 so that the relative positions between the 
magnetic tape 23 and the combination head 21 are 
maintained. In this case, when the magnetic tape 23 
is allowed to run in the X direction, the data on the 
tracks Ti, T13, T25 and T37 are reproduced. On the 

25 other hand, when the magnetic tape 23 Is allowed to 
run in the - X direction, the data on the tracks T7, T19, 

When data reproduction for one reciprocation 
has been completed, the head operating unit feed- 
30 back-controls to move the combination head 21 so as 
to make the output Ea2from the light receiving device 
28a and the output Eb2 from the light receiving device 
28 establish the following relationship: 
Eb2 = 2Ea2 

35 When the magnetic tape 23 Is allowed to run In the X 
direction, each data on the tracks T2, T14, T2S and T38 
is reproduced respectively. Then, the magnetic tape 
23 is allowed to run in the - X direction so that each 
data on the tracks Ts, Tjo. T32 and T44 is reproduced 

40 respectively. Then, the similar operation is repeated 
so that data on all of the tracks Ti to T4a Is reproduced. 
The above-described operation is similarly applied to 
the recording operation. 

According to this embodiment, the control Is per- 

45 formed such that the quantity of light made Incident 
upon the light receiving devices 28a and 28b after it 
passed through the - Y directional end of the magnet- 
ic tape 23, the reference opening 27a and the opening 
27b for detecting the relative positbn Is detected and 

so the output Eb2 from the light receh^ing device 28b be- 
comes an integer multiple of the output Ea2 from the 
light receiving device 28a. Therefore, the tracking 
control similar to the first embodiment can be per- 
formed. Acc rding t this embodiment, since th 

55 structure is arranged such that the slit plat 27 Is 
moved together with th comblnati n head 21, the 
weight of them vabi portion can be reduced in conr>- 
parisont the first mbodiment 
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Similarly to th first nribodiment, th position 
control can be stably controll d without an influence 
of temp ratur . 

Then, a third mbodim nt of the tracking control 
device of a magnetic recording/reproducing appara- 
tus according to the present invention will be descri- 
bed with reference to Figs. 6 and 7. 

As shown in Figs. 6, 7a and 7b, the magnetic re- 
cording/reproducing apparatus includes a combina- 
tion head 21 for recording/reproducing data from a 
magnetic tape 23, the combination head 21 having a 
light-receiving device holding member 29 formed In- 
tegrally with the combination head 21. 

The above-described magnetic tape 23 has the 
track group 24 constituted by the 48 tracks Ti to T48 
formed in the Y directk)n at the same pitch as shown 
in Fig. 6. According to this embodiment, width C of the 
magnetic tape 23 is arranged to be 1/4 inch and the 
track pitch is arranged to be 120 ^m. 

The cornbination head 21 Jndudes S^recordin^ 
heads to We and reproducing heads to Re which 
are integrally formed with the combinatidn head 21. 
the recording heads to Ws are disposed in the Y 
direction at a pitch of 720 ^m, while the reproducing 
heads Ri to Rs are disposed in the X or - X direction 
forming pairs with the conresponding recording heads 
Wi to Ws. The rera th®,?®-.. 
producing heads R^ to Rs which form pairs are alter- 
nately disposed in the Y direction. When the magnetic 
tape 23 Is allowed to run in the X direction, the four 
recording heads Wi, W3, W5 and W7 of the combina- 
tion head 21 perform the recording, while the magnet- 
ic tape 23 is allowed to run in the - X direction, the four 
recording heads W2, W4, \Nq and Ws perform the re- 
cording. FurtheiTnore, whenever the magnetic tape 
23 reciprocates once, the combination head 21 is 
moved in the - Y direction so that the combination 
head 21 is positioned at 6 relative positions with re- 
spect to the magnetic tape 23. As a result, all of the 
48 tracks Jy to T48 are subjected to the data record- 
ing/reproducing. Furthermore, the light-receiving de- 
vice holding member 29 has light receiving device 
group 30 consisting of five light receiving devices Da^ 
to Da6 at positions corresponding to the - Ydirectlonal 
end portion of the magnetic tape 23. The light receiv- 
ing devices Dal to Da5 are arranged to have the 
same output level per unit area and to be moved in ac- 
cordance with the movement of the combination head 
21 In the ± Y directions since the light-receiving de- 
vice holding member 29 is integrally formed with the 
combination head 21. The light receiving surfece of 
each of the light receiving devices Dal to Da5 is ar- 
ranged such that its X directional width is f with which 
a sufficient output level can be obtained. The light re- 
c iving device Dai >s positioned at th largest degre 
in the - Y direction. The light receiving devices Da2 to 
Da4ar resp (lively positioned such that their -Y di- 
rectional nds ar successively shifted by 120 ^m in 



th + Y direction which conresponds to the width of the 
achofth tracks Ti to T48.Th light receiving d vice 
Das is positioned from the - Y directional nd by 240 
^im in th + Y dir ction. That is, pitch d^ b tw en the 

5 light receiving devices Da^ and Da2, pitch 62 between 
the light receiving devices Da2 and Da^ and pitch da 
between the light receiving devices Das and Da4 are 
respectively arranged to be 120 ^m. On the other 
hand, pitch d^ between the light receiving devices Da4 

10 and Das arranged to be 240 ^m. The relationship 
among the light receiving devices Da^ to Das and the 
pitches di to ds are arranged as follows assuming that 
the i-th pitch in the -*- Y direction is d| and the pitch of 
each of the tracks T^ to T4a is d: 

15 di = d when i ^ 2 

d, = (i - 2) X d when 3 ^ I ^ n - 1 
(where i and n respectively represent positive inte- 
■ gers) 

According to this embodintent, the structure is ar- 
20 ranged such that when, for exarriple, thejecording. 
head Wi and the reproducing head R^ of the combin- 
^ atidh head 21 are at the track position Ti , the light re- 
ceiving device Da^ is positioned at a pitch 3d from the 
- Y directional edge of the magnetic tape 23. Accord- 
25 \ ing to this embodiment, when the recording head Wi 
moved to, for example, the positions of the tracks T^ . 
_^ , T2, T3, T4, Ts . and Je, the. following relationships 
arifiong the outputs Eai to Eas from the light receiving 
: devices Dai to Das are established: Eas = Eai - Ea2; 
30 , Ea4 = Eai - Ea2; Ea4 = Eai - Eas; Eas = Eai - Ea2; Eas 
, ^ = Eai - Eas; Eas = Ea^ - Ea^. 

The light receiving devices Dai to Das are con- 
^ nected to head operating unit (omitted from illustra- 
tion). The head operating unit feedback-controls the 
35 . , combination head 21 in the ± Y directions so as to 
^ make the outputs Eai and Eas from the light receiving 
devices Dai to Das to hold the above-described rela- 
tionship when the combinatbn head 21 moved to the 
relative positions among the recording heads Wi to 
40 We, the reproducing heads Ri to Rs and the tracks Ti 
to T4a. As a result, the relative positions between the 
magnetic tape 23 and the combination head 21 are 
held at a predetermined positions as described 
above. 

45 As shown in Figs. 7a, 7b, light emitting unit 28 ca- 
pable of emitting light of a sufficient quantity to the 
light receiving devices Dai to Das is disposed in a por- 
tion confronting the light receiving devices Dai to Das 
with the - Y directional end of the magnetic tape 23 

50 disposed therebetween. 

When all of the tracks Ti to T48 including the 
tracks Ti, T13, T25, and T37 are subjected to the data 
reproduction operation of the magnetic recording/re- 
producing apparatus structured as d scrib d abov . 

55 th combination head 21 is operated by the head op- 
rating unit s that th r producing head Ri and th 
track Ti, th reprodudng h ad R3 and the track Tia, 
ther producing head Rs and th track T26 and the re- 
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producing head R7 and the track T37 ar moved to the 
corresponding relative positions with r spect to th 
magnetic tap 23. At this time, th h ad op rating unit 
moves the combination head 21 so as t mak th 
output Ea^ from the light receiving device Da^ and the 
output Ea2 from the light receiving device DB2 hold the 
following relationship by the feedback control: 

Eaa = Eai - Eaa 
Furthemriore, the head operating unit makes the conrv 
bination head 21 follow the weaving of the magnetic 
tape 23 so that the relath^e positions between the 
magnetic tape 23 and the combination head 21 are 
maintained. Therefore, the relative position between 
the combination head 21 and the magnetic tape 23 
can be held correctly. In this case, when the magnetic 
tape 23 is allowed to run in the direction X, the data 
on the tracks Ti, T13, T25 and T37 are reproduced by 
the reproducing heads R^, R3. Rs and R7. When the 
reproduction to the end portion of the magnetic tape 
23 has been completed, the magnetic tape 23 is al-_ 
lowed to run In the direction - X so that the data on 
the tracks T7, T19, T31 and T43 Is reproduced by the re- 
producing heads R4. Re and Rs. 

When data reproduction for one reciprocation has 
been completed, the combination head 21 is moved 
by the head operating unit to the relative position of 
the magnetic tape 23 at which the reproduction head 
Ri corresponds to tJie track the reproduction head 
R3 corresponds to the track T14, the reproduction 
head Rs corresponds to the track T26 and the repro- 
duction head R7 corresponds to the track T38. At this 
time, the head operating unit moves the combination 
head 21 so as to make the output Eai from the light 
receiving device Da^ and the output Ea2f rom the light 
receiving device Da2 and the output Ea4f rom the light 
receiving device Da4 establish the following relation- 
ship by the feedback control: 

Ea^ = Eai - Ea2 
When the magnetic tape 23 is allowed to run in the di- 
rection X in this state, data on the tracks T2, T14, T2e 
and Tsa is reproduced by the reproducing heads R1 . 
R3, R5 and R7. Then, the nrtagnetic tape 23 is allowed 
to run in the direction - X so that data on the tracks 
Te* T20. T32 and T44 is reproduced. 

Similarly, the combination head 21 is moved af- 
ter the one reciprocation at each of the track positions 
so as to hold the following relationships: 
when data on tracks T3, T^s, T27, T39 and tracks T9, T21 , 
T33, T46 are reproduced. 

Ea4 = Eai - Ea3 
when data on tracks T4, Tie, "^23, T40 and the tracks 
T10. T22, T34, T4e are reproduced , 

Eas = Eai - Ea2 
when data on tracks Ts, T17, T29. T41 and tracks Tn, 
T23, T35, T47 are reproduced , 

Eas = Eai - Ea3 
wh n data on tracks To, Tie, T30, T42 and tracks T12, 
T24t Tse, T48 are reproduced. 



Eas = Eai - Ea4 
As a r suit, th track switching operation and the 
track fbllowup op ration are executed so that the data 
on all of th tracks Ti to T48 are reproduc d. Th 

5 above-described operation is applied to the data re- 
cording operatton. 

According to this embodiment, since the struc- 
ture is arranged such that the difference In output be- 
tween two predetenmined light receiving devices be- 
to comes the same as the output from a predetemnlned 
light receiving device, the position control can be sta- 
bly obtained without an Influence of temperatue. 

According to this embodiment, the numbere of 
the relative positions between the magnetic tape 23 

15 and the combination head 21 are arranged to be sbc. 
The number of the light receiving devices for detect- 
ing a plurality of relative positions can be reduced by 
increasing the number of the relative positions. 
The positions of the light receiving devices Dai to 

20 Dae are not lirnited tp the above-described structure 
in which they are positioned at the - Y directional end 
of the magnetic tape 23. A structure may be employed 
in which they are positioned at the + Y directional end 
of the magnetic tape 23 and the appearance area of 

25 the light receiving surface of each of the light receiv- 
ing devices Dai to Das decreases in accordance with 
the mqvemerit of the combination head 21 in the - Y 
direction. The above-described structure may be ap- 
plied to the following embodiments. 

30 Then, a fourth embodiment of the present inven- 
tion will be described with references to Figs. 8 and 9. 
In order to make the description easier, the elements 
having the same functbn as those in the above- 
described embodiments are given the same refer- 

35 ence numerals and their descriptions are omitted. 

As shown in Figs. 8, 9a and 9b, the magnetic re- 
cording/reproducing apparatus according to this enrv 
bodiment includes a combination head 21 for record- 
ing/reproducing data from the magnetic tape 23, the 

40 combination head 21 having a slit plate 31 integrally 
formed with the combination head 21 . The structure 
of the magnetic tape 23 and that of the combination 
head 21 are arranged to be the same as those accord- 
ing to the third embodiment 

45 Alight-receiving device holding member 32 is dis- 
posed to the side of the slit plate 31 opposite to the 
side confronting the magnetic tape 23, the light re- 
ceiving device holding member 32 being formed inde- 
pendently from the combinatk>n head 21 and the slit 

50 plate 31. The light-receiving device holding member 
32 has five light receiving devices Dbi to Dbs at pos- 
itions corresponding to the - Y directional end of the 
magnetic tape 23, the light receiving devices Dbi to 
Dbs t>eing disposed in the X direction. The light r ceh^- 

55 ingd vices Dbi t Dbsarearrang dtoind p ndently 
r ceive light which passes th - Y directional edg of 
the magnetic tape 23 and p ningsAitoAst be de- 
scribed lat r. The light receiving surface of each of th 
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light receiving devices Db, to Dbs is arranged to b 
elongated in the Y direction, and th larg portion of 
th tight rec iving sur^ce of them ar positioned in 
th - Y direction by larger degr s than the - Y direc- 
tional edge of the magnetic tape 23. The light receiv- 
ing surface of each of light receiving devices Db^ to 
Dbs arranged such that the X directional width 
is largerthan the X directional width f of each of open- 
ings Ai to As- Furthermore, the Y-directlonal width f v 
is arranged to be a value which corresponds to the Y- 
directional movement of the openings Ai to As. The 
output levels for a unit area of the light receiving de- 
vices Db^ to Dbs are arranged to be the same. 

The above-described slit plate 31 has the open- 
ing sAi to A5. The openings Ai to As are arranged such 
that its directional opening width Is f with which a suf- 
ficient output level can be obtained from the tight re- 
ceiving devices Db^ to Dbs. The opening At is posi- 
tioned at the largest degree in the - Y direction. The 
ppenlngs A2 tojj^^are respertively position^, such 
that their - Y directional ends are successively shifted 
by '120 \jri fri the + Y direction which' corresponds to 
the width of this e^^^^ of the tVacI^' to T^^Trbm the' 
- Y directional end of the opening A^ The opening As 
is positioned from the - Y directional end by 240 fim 
in the + Y direction. That is, pitch di between the 
openings Ai and A2. pitch 62 between the openings A2 
and A3 and pitch da between the openings A3 and A^ 
are respectively arranged to be 120 ^m. On the other 
hand, pitch ^4 between the openings A4 and A5 is ar- 
ranged to be 240 ^m. The relationship among the 
openings A^ to A5 and the pitches di to ds are arranged 
as follows assuming that the i-th pitch in the + Y di- 
rection is d| and the width of each of the tracks T^ to 
T48isd: 

d| = d when I ^ 2 
dj = (i - 2) X d when 3 ^ i ^ n .- 1 
(where i and n respectively represent positive inte- 
gers) 

According to this embodiment, the structure Is ar- 
ranged such that when, for example, the recording 
head Wi and the reproducing head Ri of the combin- 
ation head 21 are at the track position Ti, the opening 
Ai Is positioned at which it appeare by 3d from the - 
Y directional edge the magnetic tape 23. According to 
this embodiment, when the recording head Wi moved 
to, for example, the positions of the tracks Ti, T2. T3, 
T4, Ts and Te, the following relationships among the 
outputs Ebi to Ebs from the light receiving devices 
Dbi to Dbs due to light which passed through the 
openings Ai to As and the - Y directional edge of the 
magnetic tape 23 are established: Eba = Eb^- Eb2; Et>4 
= Ebi - Ebj; Eb4 = Eb^ - Eba; Ebg = Eb,- Ebj; Ebg = 
Ebi - Eba; Ebg = Ebr Eb4. 

The light receiving devices Dbi to Dbs are con- 
nected to an perating unit (omitted from illustration). 
The head perating unit fe dback-controls th conv 
binati n h ad 21 in the ± Y directions so as to mak 



th outputs Ebi and Ebs from the light rec iving d - 
vices Dbi t Dbs hold the above-described relation- 
ships when th combination head 12 is moved to th 
relativ positions among the r cording h ads Wi to 
5 Wg and the reproducing heads Ri to Rs and the tracks 
Ti to T48. As a result, the relative positions between 
the magnetic tape 23 and the combination head 21 
are held at a predetermined positions as described 
above. 

10 As shown in Figs. 9a, 9b, light emitting unit 26 ca- 
pable of emitting light of a sufficient quantity to the 
light receiving devices Dbi to Dbs ^ disposed in a por- 
tion confronting the light receiving devices Dbi to Dbs 
with the - Y directional end of the magnetic tape 23 
15 and the openings Ai to As formed in the slit plate 31 
disposed therebetween. 

When all of the tracks Ti to T48 including the 
tracks Ti, T13, T25, and T37 are subjected to the data 
reproduction operation of the magnetic recordlng/re- 
Pfpducing apparatus structured as described above, 
the combination head 21 is operated by the head op- 
~ erating unit sbjhat the reproifucihg head Ri and the ] 
. ' track ti, the reproducing head R3 and the track f 13, 
. the reproducing head Rs and the track Tas and the re^ 
25 ^ producing head R7 and the track T37 are moved to the 
corresponding relative positions with respect to the 
^ magniBtic tape 23. At this time, the head operating unit 
. ^ moves the combination head 21 so as to make the 
output Ebi ^roTi the light receiving device Db,, the 
30 output Eb2 from the light receiving device Db2 and the 
^ outputEbafromthelightreceivingdeviceDbaholdthe 
following relattonship by the feedback control: 

Eba = Ebi - Eb2 
Therefore, the head operating unit makes the combin- 
35 atk)n head 21 follow the weaving of the magnetic tape 
23 so that the relative positbns between the magnet- 
ic tape 23 and the combinatk)n head 21 are main- 
tained. In this case, when the magnetic tape 23 is al- 
lowed to run in the X direction, the data on the tracks 
40 Ti. Ti3, T2S and T37 are reproduced by the reproducing 
heads Ri, R3, Rs and R7. When the magnetic tape 23 
is allowed to run in the X direction, the data on the 
tracks T7, Ti9, Tai and T43 are reproduced by the re- 
producing heads R2, R4, Re and Rg. 
45 Similarly, the combination head 21 Is moved af- 
ter the one reciprocation at each of the track positions 
so as to hold the following relationships: 
When data on the tracks T2, T14, T26, T38 and the 
tracks T20. T32, T44 are reproduced, 
50 Eb4 = Ebi - Eb2 

When data on tracks T3, Tis, T27, T39 and tracks Tg, 
T21. Ta3, T45 are reproduced, 

Eb4 = Ebi - Eb3 
When data n tracks T4, Tie, T28, T40 and the tracks 
55 T10, T22P T34, T4e are reproduced 

Ebs = Ebi - Eb2 
When data on tracks Ts. T17, T29. T41 and tracks Tn. 
T23, T35, T47 is reproduced 
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Ebg = Ebi - Eb3 
Wh n data on tracks Te, Tie, T30, T42 and tracks T12. 
T24. Tae, T48 is reproduced 

Ebs = Ebi - Eb4 
As a result, the track switching operation and the 
track foilowup operation are executed so that the data 
on all of the tracks Ti to T48 is reproduced. The above- 
described operation Is applied to the data recording 
operation. As described above, since the structure 
according to this embodiment is arranged such that 
the silt plate 31 Is moved together with the combina- 
tion head 21, the weight of the nDovabte portion can 
be reduced in comparison to the structure according 
to the third embodiment 

Similarly to the first embodiment, a stable posi- 
tion control can be obtained without an Influence of 
temperature. 

Then a fifth embodiment of the tracking control 
device of a magnetic recording/reproducing appara- 
tus will be described with reference to Figs. 1 0 and 1 1 . 

As shown In Figs. 10, 11a and lib, the magnetic 
recoitllng/reproducing' apparatus indiid'es tlie conri- 
binatiori head 21 for recording arid reproducing data 
from the magnetic tape 23 and having a light- 
receiving device holding member 34 formed integrally 
with the combination head 21 . 

The above-described magnetic tape 23 has a 
track group 24 constituted by the 48 tracks Ti to T4a 
formed in the direction Y at the same pitch as shown 
in Fig. 10. According to this embodiment, width C of 
the magnetic tape 23 Is arranged to be 6,35 mm (1/4 
inch) and the track pitch is arranged to be 120 ^m. 
The weaving taken place in the magnetic tape 23 is 
restricted to smaller than ± 50 ^m by flanges or the 
like (omitted from illustration) for ± Y directional edge 
of the magnetic tape 23. 

The combination head 21 includes 8 recording 
heads Wi to Ws and reproducing heads Ri to Re which 
are integrally formed with the combination head 21 . 
The recording heads Wi to W3 are disposed In the Y 
direction at a pitch of 720 ^m, while the reproducing 
heads Ri to Ra are disposed In the X or - X direction 
forming pairs with the corresponding recording heads 
Wi to We- The recording heads Wi to We and the re- 
producing heads Ri to Re which fomri pairs are alter- 
nately disposed In the Y direction. When the nnagnetic 
tape 23 is allowed to run in the X direction, the four 
recording heads Wi, W3, Ws and W7 of the combina- 
tion head 21 perform the recording, while the magnet- 
ic tape 23 is allowed to run In the direction - X, the four 
recording heads W2, W4, We and We perform the re- 
cording. Furthermore, whenever the magnetic tape 
23 reciprocates once, the combination head 21 is 
moved in th - Y dir ctlon so that the combination 
head 21 is positioned at 6 relativ positions with re- 
spect to th magnetic tap 23. As a result, all of the 
48 tracks Ti to T48 are subject d to th data record- 
ing/reproducing. Furthemnore, light receiving device 



group 34 serving as a light receiving devic group on 
on nd and consisting of six light r ceiving devices 
Dai to Dae is provid d In a portion corresponding to 
th portion in th vicinity f the + Y dir ctional nd of 

5 the magnetic tape 23. Similarly, light receiving device 
group 35 serving as a light receiving device group on 
another end and consisting of six light receiving de- 
vices Dbi to Dbe is provided in a portksn correspond- 
ing to the portion in the vicinity of the - Y directional 

10 end of the magnetic tape 23. The number of the light 
receiving devices of the light receiving device groups 
34 and 35 is arranged to be six which is the same as 
the number of the tracks Ti to Te in a range in which, 
for example, the recording head Wi and the reproduc- 

15 ing head Ri of the combination head 21 can be 
moved. The light receiving devices Dai to Obq and 
Dbi to Dbe are arranged to have the same output lev- 
el. Furthermore, the light-receiving device holding 
member 33 is integrally formed with the combination 

20 ^ hea6 21.. As a^ result, the I jght receiving devices Dai 
to Dae anci Dbi to Dbe can be moved in accordance 
with'the movement of the comb iriatiorf head 21 in this 
■t Y directions, the light receiving surface of each of 
the light receiving devices Dai to Dae Dbi to Dbe 

25 is arranged to have the Y-directional width e which 
can correspond to the weaving of the magnetic tape 
23. The X-directional width is anranged to be f with 
which a sufficient output can be obtained. According 
to this embodiment, the above-described width e is 

30 100 ^m. The tight receiving devices Dai to Dae and 
Dbi to Dbe a^ arranged such that the light receiving 
devices Dai and Dbi are disposed at the - Y direction- 
al end and the light receiving devices Da2 to Dae and 
Db2 to Dbe are formed in the + Y direction to form a 

35 line at the same pitch d(d = 1 20 ^m) as the track pitch 
of the magnetic tape 23. The light receiving devices 
Dai and Dbi are shifted by 6,35 mm (1/4 inch) in the 
direction Y of the magnetic tape 23. Furthermore, 
when, for example, the recording head Wi and the re- 

40 producing head Ri of the combination head 21 is at 
the track position Ti, the center of the light receiving 
devices Dai and that of Dbi coincide with the ± Y di- 
rectional edge of the magnetic tape 23. 

The above-described light receiving devices Dai 

45 to Dae and Dbi to Dbe are connected to the head op- 
erating unit (omitted from illustration). The head op- 
erating unit feedback controls the combination head 
21 so as to move it to each of the relative positions 
between the recording heads Wi to Ws* the reproduc- 

50 ing heads Ri to Re and the tracks Ti to T4e such that 
the difference in the output from the conresponding 
light receiving devices becomes zero, the combina- 
tion head 21 being moved in the ± Y direction. As a 
result, th relativ position between the magnetic 

55 tap 23 and the combination head 21 can be held at 
a predet rmined position. 

As shown in Figs. 11a, lib, light emitting unit 36 
capable of mitting a sufficient quantity of light to th 
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light receiving d vie s 34 and 35 are disposed at pos- 
itions corr sponding to the light r c Iving devic 
groups 34 and 35 with th ± Y directional dge of the 
magnetic tape 23 dispos d th reb tween. 

At this time, the head operating unit feedback 
controls the combination head 21 so as to move it 
such that the difference in the output between the 
light receiving device Dai and the light receiving de- 
vice Dbi becomes zero. Furthermore, the head oper- 
ating unit make the combination head 21 follow the 
weaving of the magnetic tape 23 so as to maintain the 
relative position between the magnetic tape 23 and 
the combination head 21 . 

When the reproduction of data for one reciproca- 
tion has been completed, the combination head 21 is 
moved to the relative posltton with the magnetic tape 
23 at which the reproducing head and the track T2 
correspond to each other, the reproducing head R3 
and the track correspond to each other, the repro- 
ducing head^ and the track P9'T©spond., to each 
other and the reproducing head F^y and thelracklss 
"cbriresponcl fb each other. "AHhis timeT.lhe hea^ ^^[ i 
erating uniffeedbad^-con^tTbis t^ conribinVtion head 
21 so as to move it such that the difference in the out- 
put between the light receiving device Da2 and that of 
the light receiving device Dba becomes zero. When 
the magnetic tape 23 is allowed to run in the X direc- 
tion, data on the tracks T2, Tu, T26 and T33 is repro- 
duced by the reproducing heads R^, Ra, R5 and R7. 
Then, when the magnetic tape 23 is allowed to run In 
the direction - X so that the tracks Ta, T^^, 1^2 and T44 
are subjected to the reproduction. 

Similarly, when data on the tracks T3, T15, T27 and 
T39 and data on the tracks Tg, T21, T33 and T46 is re- 
produced, the combination head 21 is moved so as to 
make the difference in the output between the light 
receiving devices Da3 and Db3 become zero. When 
data on the tracks T4, T^e, T28 and T40 and data on the 
tracks T10, T22> T34 and T^q is reproduced, the differ- 
ence in the output between the light receiving devices 
Da4 and Db4 is made zero. When data on the tracks 
T5. T17, T29 and T41 and data on the tracks Tu, T23, T35 
and T47 is reproduced, the difference in the output be- 
tween the light receiving devices Das and Dbs is made 
zero. When data on the tracks Te, Tis. T30 and T42 and 
data on the tracks T12. T241 T^q and T4a is reproduced, 
the difference in the output between the light receiv- 
ing devices Dae and Dbe is nrmde zero. The combina- 
tion head 21 is moved after one reciprocation at each 
track position has been completed. Thus, the track 
switching operation and the track following-up oper- 
ation are executed until data on all of the tracks T^ to 
T46 is reproduced. The above-described operation is 
appli d t th recording operation. 

Then, a sixth embodim nt f th present inven- 
tion will b d scrib d with ref renc t Figs. 12 and 
13. In rder t make the description easy, the ele- 
ments having the sam functi nsasth se according 



toth afor said embodiments are giv n the same ref- 
rence numerals and th ir descriptions ar omitted. 
As shown in Figs. 12, 13a and 13b, th magn tic 
recording/r producing apparatus indud s th conrv 

5 bination head for recording and reproducing data 
from the magnetic tape 23, the combination head 21 
having a slit plate 37 integrally formed with the conr>- 
bination head 21 . The structures of the magnetic tape 
23 and the combination head 21 are the same as 

10 those according to the fifth embodiment. The weav- 
ing of the magnetic tape 21 is restricted to ± 50 ^m or 
less by flanges or the like (omitted from illustration) 
for restricting the ± Y directional end of the magnetic 
tape 21. 

15 The light-receiving device holding member 38 is 
disposed to the side of the slit plate 37 opposite to the 
side which confronts the magnetic tape 23, the light- 
receiving device hojding menriber 38 being indepen- 
dently fonmed from the combination head 21 and the 

^20 \*%nVpIate 37.^' ' . ^ , . , . . 
The light-receiving device holding member 38 
"lias light receivTng^^^^^ and 40 which re-^ 

spectively consist of sbc light receiving devices Dii to 
Die and Dj^ to Dje at the positions corresponding to the 

25 ± Y directiprial ends of the magnetic tape 23. The light 
receiving devices Di1 to Die and Dji to Dje are ar- 
ranged such that the light receiving devices Dii and 
bjt are disposed at the + X directional end and the 
other light receiving devices are successively dis- 

30 posed in the - X directton to form a line at a pitch g. 
Furthennore, their Y-d irectional centers coincide with 
the ± Y- directional end of the nriagnetic tape 23. The 
above-described light receiving devices Dii to Die and 
Dji to Dje are respectively arranged to independently 

35 receive light which passed through the ± Y-directional 
end of the magnetic tape 23 and openings Sii to Sie 
and Sji to Sje to be described later. The light receiving 
surfaces of the light receiving devices Dii to Die and 
those Dji to Dje are arranged such that the Y direction- 

40 al width fy is larger than the Y directional width e of 
openings Si^ to Sie and Sji to Sje, and the X directional 
width is smaller than the above-described pitch g. 
The output levels for a unit area of the light receiving 
devices Dit to Die and Dji to Dje are arranged to be the 

45 same. 

The above-described slit plate 37 has an opening 
group 41 consisting of sbc openings Sii to Sie and 
serving as an opening group at an end portion at pos- 
itions corresponding to the light receiving devices Dii 

50 to Die. On the other hand, opening group 42 consist- 
ing of sbc openings Sji to Sje and serving as an open- 
ing group at another end portion at positions conre- 
sponding to the light receiving devices Dji to Dje. The 
openings ar provkled by sbc so as to correspond to 

55 the number of the tracks Ti to Te in a range in which, 
for xample, th r cording head W1 and th repro- 
ducing head R1 can mov which form pairs. Th 
peningsSiit Sie and Sji to Sje nrwv . in accordance 
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withth ±Ydir ctionalmov ment of the combination 
h ad 21 sine the slit plate 37 is integrally formed with 
th combination head 21. Each of the op ningsSiito 
Sieisarrang dtohav aY-dir ctional width (e = 100 
^m) so as to correspond to the weaving of the mag- s 
netic tape 23. On the other hand, their X-directional 
width is arranged to be a width f with which a sufficient 
output can be obtained from the light receiving devic- 
es Dii to Die ^nd Dji to DJe. The openings Sii to Sie and 
Sji to Sje are arranged such that the openings Sii and io 
Sji are disposed at the + X directional end and at the 
- Y directional end and the openings Si2 to Sie and % 
to Sje are respectively and successively disposed in 
the + Y direction at the same pitch d (d = 120 fim) as 
the track pitch of the magnetic tape 23 and at a pitch is 
g in the - X direction. Furthermore, the light receiving 
devices Di^ to Die and the light receiving devices Dj^ 
to Dje are shifted by 6,35 mm (1/4 inch) which corre- 
sponding to the width of the magnetic tape 23 in the 
direction Y. According to thi^^^^ when for. . 20 

example, the recording head and the reproducing 
head R| of the combifiatibn head 21 are atlhe track 
position T1 , the Y-dirBctiorial centei^ of the openings 
Si^ and Sji coincide with the centers of the light re- 
ceiving devices Dii and Dji , that is, the ± Y directional 25 
ends of the magnetic tape 23. 

The above-described light receiving devices Dii 
to Die and Dji to Dje are connected to the head oper- 
ating unit (omitted from illustration). The head oper- 
ating unit feedback-controls the combination head 21 30 
to move it in the ± Y direction of the magnetic tape 23 
such that the difference in the output between light re- 
ceiving devices Dii to Die and Dji to Dje which form 
pairs becomes zero when the combination head 21 
has been shifted to each of the relative positions be- 35 
tween the recording heads to We and the repro- 
ducing heads Ri to Ra and the tracks Ti to T4e. As a 
result, the relative position between the magnetic 
tape 23 and the combination head 21 is maintained at 
a predetermined position. 40 

As shown in Figs. 13a, 13b, the light emitting unit 
43 capable of emitting light to the light receiving de- 
vices 39 and 40 is provided at the positions confront- 
ing the above-described light receh^ing device groups 
39 and 40 with the ± Y directional end of the magnetic 45 
tape 23 and the slit plate 37 disposed therebetween. 
At this time, the head operating unit feedback-con- 
trols to calculate the difference in the output between 
the light receiving device Di1 and the light receiving 
device Dji due to incident light from the light emitting 50 
unit 43 via the openings Sii and Sji formed in the slit 
plate 37 and the ± Y directional end of the magnetic 
tape 23. The combination head 21 is operated such 
that the diff renc in the output b com s zero. There- 
fore, th combination head 21 moves so as to foil w 55 
th weaving fthemagn tic tap 23. As a result, th 
relativ positions b tw en the combinati n h ad 21 
and the magnetic tape 23 can b maintained conrect- 



ly. When th magn tic tape 23 is allowed to run in th 
direction X in this stat , data on the tracks Ti, T13, T25 
and T37 is r produc d by th reproducing heads Ri, 
R3> R5 and R7. When the magnetic tape 23 is allow d 
to run in the - X direction, data on the tracks T7, T19, 
T31 and T43 Is reproduced by the reproducing heads 
R2. R4. Re and Re. 

When the reproduction of data for one reciproca- 
tion has been completed, the combination head 21 is 
moved so as to make the following differences in the 
following outputs zero: when data on the tracks T2, 
Ti4, T26 and T38 and data on the tracks Te. T20, T32 and 
T44 is reproduced, the output difference between the 
light receiving devices Di2 and Dj2 due to incident light 
via the openings Si2 and Sj2 and the edges of the mag- 
netic tape 23; when data on the tracks T3, T15, T27 and 
T39 and data on the tracks T9, T21, T33 and T46 is re- 
produced, the output difference between the light re- 
ceiving devices Dis and Djs due to incidental light via 
the openings Sis and ?h and the edges of the mag- 
netic tape 23; when data on the tracks t4, Tie, T28 and 
T^Jand diata oh the tracks tio, t22, t34 and is re- 
produced, the output difference between the light re- 
ceiving devices Di4 and Dj4 due to incident light via the 
openings SLi and Sj4 and the edges of the magnetic 
tape 23; when data on the tracks Te, T17, T2g and T41 
and data ori the tracks Tn, T23, T35 and T47 is repro^ 
duced, output difference between the light receiving 
devices Die and Djs due to incidental light via the 
openings Sis and Sjs and the edges of the magnetic 
tape 23; when data on the tracks Te. Tie, T30 and T42 
and data on the tracks T12, T24, Tse and T4d is repro- 
duced, the output difference between the light receiv- 
ing devices pi6 and Dje due to incident light via the 
openings Sie, Sje and the edges of the magnetic tape 
23. As a result, the track switching operation and the 
track following up operation can be performed and 
the data reproductk>n from all of the tracks Ti to T4a 
Is completed. The above-described operatbn Is ap- 
plied to the recording operation. 

Then, a seventh embodiment of the present in- 
vention will be described. According to this embodh 
ment, an example of a serpentine magnetic record- 
ing/reproducing apparatus is provided. The magnetic 
recording/reproducing apparatus according to this 
embodiment Is structured such that a combination 
head having recording heads and the reproducing 
heads whose number is smaller than the number of 
the tracks of the magnetic tape is allowed to run once 
In the direction of the magnetic tape on which a plur- 
ality of tracks are formed In parallel in the direction in 
which the tape runs. As a result, a plurality of tracks 
are simultaneously subjected to the recording or the 
r producing. Furthermore, the combinati n head Is 
moved by th head op rating means in the widthwise 
dir cti n of the magnetic tape by the track switching 
op rati n. As a result, data is rec rd d/reproduced 
from all of th tracks. 
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Th n, the magnetic recording/reproducing appa- 
ratus according to this mbodim ntwittb d scribed 
with reference to Figs. 14, 15 and 16. 

Fig. 14 is a p rspectiv vi w which illustrates the 
magnetic recording/reproducing apparatus to which 
no magnetic tape has been loaded. Fig. 15 illustrates 
a state in which the magnetic tape has been loaded. 

Acombination head 51 for recording or reproduc- 
ing data from a magnetic tape 52 is fastened to a hold- 
er 53 serving as a member for holding the combina- 
tion head 51 . Light-receiving groups 54 and 55 for de- 
tecting the vertical two ends of the magnetic tape 52 
are secured to a portion in the vicinity of the combin- 
ation head 51. 

That is, a movable portion 56 is constituted by 
combining the combination head 51, the light receiv- 
ing device groups 54 and 55 and the holder 53. The 
holder 53 is fastened between the free ends of paral- 
lel leaf springs 57a and 57b whose one ends are se- 
cured to a fastening portion 58. The fastening portion 
'58'i's fastened to Vrnain f^^^ 

'tioh) of the irnagri^^ recordihg/reproduciri"^^ ap'parai;' ] 
^tus. As fiea^ ffibvihg unit for moving the bombinailbn ' 
head 51 to the widthwise direction of the' magnetic 
tape 52, a voice coil type linear motor 59 having no 
friction loss and dead zone is employed. The voice 
coil type linear motor 59 includes a square yoke type 
magnetic circuit 60 secured to the main frame and a 
coil 61 for generating moving force. The above- 
described movable portion 56 is connected to the coil 
61 by the bobbin 62 which connects the movable por- 
tion 56 and the coil 61 such that it acts in synchroni- 
zation with the movement of the coil 61 and the power 
generated by the coil 61 passes through a portion in 
the yicinity of the center of gravity pf th e nrroyable por- 
tion 56. As a result of the above-described structure,, 
precise servo control can be performed in the opera- 
tion of the combination head 51. 

Reference numerals 60a and 60b represent mag- 
nets of the voice coil type linear nrrator 59. Reference 
numeral 60C represents a central magnet into which 
the coil 61 is inserted from outside. Reference numer- 
al 60d represents an outside magnetic pole,60e rep- 
resents a common magnetic pole positioned in dose 
contact with the terminals of each of outer ntagnetic 
poles confronting the central nr^gnetic pole 60C and 
outer magnetic poles 60d. 

Thus, a closed circuit of the magnetic circuit 60 is 
constituted so that the combination head 51 does not 
receive an influence of a leaked flux from the magnet- 
ic circuit 60. Therefore, the influence of the leaked 
flux from the voice coil type linear motor 59 upon the 
combination head 51 and the magnetic tape 52 can 
be reduced to ten and several Oes. Furthermore, the 
main frame is provided with a light emitting d vice 63 
positi ninth pposit directi nt the light receiving 
devices 54 and 55 with the magnetic tape 52 is dis- 
posed thereb tw en and Vjx d guides 64a and 64b 
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disposed on the both sides of the combination h ad 
51 and guiding th magnetic tap 52. 

Fig. 16 illustrat s th structur of th tracking 
control according to this mbodiment. As shown in 
Fig. 16, the magnetic tape 65 has a track group 66 
consisting of 48 tracks Tt to T4a at the same pitch in 
the direction Y. According to this embodiment, the 
width C of the magnetic tape 65 is arranged to be 6,35 
mm (1/4 inch) and the track pitch is arranged to be 
1 20 ^m. The combination head 67 includes 1 6 record- 
ing heads Wi to Wis and reproducing heads Rt to R16 
which are formed integrally. The recording heads Wi 
to Wie are disposed in the direction Y at a pitch of 360 
^m. The reproducing heads Ri to Rie form a pair with 
the corresponding recording heads to W^q in the 
X or - X direction. The recording heads Wi to W^e and 
the reproducing heads R^ to Rie each forming a pair 
are alternately disposed in the direction Y. 

In the^ combinatjon head 67 thus structured,^ 

' ,whea^^^^ inthedi-^ 
rection X, 8 recording heads W^ i (n = 1 to 8) perform 

Jhe recording^ while when the magnetic^ 

tape 65 is allowed to run in the direction- X, 8 record- , 
ing heads (n = 1 to 8) perform the recording, pur- 
jhenmpre, the combination head 67 is moved in the di- 

' rection - Y whenever the magnetic tape reciprocates. 
Therefore, the relative position with respect to the 
. rnagnetic tape 65 is changed three times. As a result, 
all of the 48 tracks T^ to T48 are subjected to the data 

^ recording/reproducing. The holder 68 has, at its por- 
tion corresponding to the + Y directional end of the 
, magnetic tape 65, a light-receiving device group 69 
' consisting of three light receiving devices Dai to Daa 
and disposed at an end. Furthermore, a light- 

. receiving device group 70 consisting of three light re- 
ceiving devices Dbi to Dba and disposed at the other 
end Is provided in a portion corresponding to the - Y 
directional end. The number of the provkied light re-, 
ceiving devices 69 and 70 connesponds to the number 
of the tracks Ti to T3 in a range in which, for example, 
the pair of the recording head Wi and the reproducing 
head Ri of the combination head 67 operate. The light 
receiving devices Dai to Das and Dbi to Dbs are ar- 
ranged to have the same output level for a unit light 
receiving area. Furthermore, they are integrally 
formed with the combination head 67 by the holder 
68. As a result, they can be moved in accordance with 
the movement of the combination head 67 in the ± Y 
direction. The light receiving devices Dai to Das and 
Dbi to Dbs are disposed at the same pitoh (120 ^m) 
as the track pitch of the magnetic tape 65, and the 
light receiving devices Dai and Db1 are shifted from 
each other in the direction Y by the width 6,35 mm (1 /4 
inch) of th magnetic tape 65. Furthenfnore, when, for 
xample, th recording head Wi and th reproducing 
head Ri f th c mbination h ad 67 are at th track 
positi n Ti, the cent rs of the light receiving d vices 
Dat and Dbi coincide with the ± Y directi nal nds of 
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th magn tic tape 65. 

As a result of th above-d scribed structure, 
when data on all of th tracks Ti to T48 is r produced, 
th h ad op rating unit is feedback-controlled so as 
to make the output difference between the light re- s 
ceiving devices Dai and Dbi becomes zero when the 
magnetic tape 65 is allowed to run In the direction X. 
With the thus realized precise tracking control per- 
formed, data on 8 tracks Ten- 5 (n = 1 to 8) is repro- 
duced by 8 reproducing heads R2n- 1 (n = 1to8).When 10 
the reproduction to the end portion of the magnetic 
tape 65 has been ended, the magnetic tape 65 is al- 
lowed to run in the direction - X. During this, the feed- 
back control is maintained such that the output differ- 
ence between the light receiving devices Dai and Dbi 
is made zero is conducted so that the data on 8 tracks 
"^efh 2 (n = 1 to 8) is reproduced by 8 reproducing heads 
R2n (n = 1 to 8). Similarly, the track switching opera- 
tion and the track follow-up operation are conducted, 
tfiiis, data on all of the tracks Ti jtq^^^ endeii!! The 20, 
abbve-described'operation is^^a^^^^ to the re- " 

<x)rding operationT 

Althougfi the conibihation head 67 is held by a 
parallel leaf spring according to this embodiment the 
present invention is not limited to the description 25 
above. A structure may be employed in which it is held 
by a shaft and a bearing in a sliding method. 

Fig. 17 illustrates the transfer function of the 
spring system of the parallel leaf spring supporting 
structure shown in Figs. 14 and 15. As shown in Fig. 30 
17, the second resonance frequency becomes 1.2 
kHz with respect to the first resonance frequency 30 
Hz. With the characteristics described above, the 
closed loop servo with the cutoff frequency of about 
500 Hz carl be obtained by performing a servo control 35 
such as the phase comperisation. Therefore, the tape 
weaving of, for example, 100 Hz can be followup con- 
trolled at a compression ratio of about -20 to -30 dB. 

Fig. 1 8 illustrates the transfer function for a struc- 
ture in which the combination head 51 and the holder 40 
53 are not supported between the parallel leaf springs 
57a and 57b Figs. 14 and 15. Since the second res- 
onant frequency is about 450 Hz, the cutoff frequency 
becomes lowered excessively and the servo gain re- 
duction becomes too lowered to conduct the closed 45 
loop servo. Therefore, a tracking control with a satis- 
factory followup characteristics cannot be conducted. 

Since the voice coil type linear motor 59 is used 
to operate the combination head 51 and since the 
power generated by the linear motor 59 is arranged to so 
pass through a portion in the vicinity of the center of 
gravity of the movable portion 56, the operation of the 
combination head 51 can be precisely servo-control- 
led. 

It should b underatood that the present Inv ntion 55 
Is n t limit d to the specific embodiments described 
In this specification, except as d fined in th app nd- 
d claims. 



Claim 

1. A magnetic recording/reproducing apparatus 
comprising a composit magnetic h ad (13; 21; 
51; 67) having a number of recording/reproducing 
heads (Wi^ R 1.8; Wma, Ri_ta) less than the 
number of tracks (24; 66; which are provid- 
ed on a magnetic tape (11; 23; 52; 65) in parallel 
with each other and with the direction (X) in which 
the tape runs, said composite head being mov- 
able relative to the magnetic tape in the width- 
wise direction (Y) of the tape to a number of op- 
erational positbns at each of which said heads 
are aligned with a respective set of desired ones 
of said tracks, characterised by control means for 
setting and maintaining said composite head at a 
selected one of said positions, said control 
mean$ including an optical system (26, 22; 26, 

..-. .v .. 27,, 22; 26^ 32; 36, 33; 43, 37,.38;,63, , 

.„ . :^6p) having a light emitting means ,(26; 36; 43; 63) 
and a multi-element light receiving means (25a, 
>5b; 28a,28b;;30; bbi^; 34, 35; 39, 40; .69,70X 
disposed on opposite sides of the tape, and ar- 
ranged to transmit light past at least one edge of 
^ the tape in such a way that the pattern of light 
transmitted to said multi-element light receiving 
^ means is dependent upon said operational posi- 
tion of the composite head relath^e.to the tape. 

2. An apparatus as claimed in claim 1 , wherein the 
light receiving means comprises first (25a; 28a) 
and second (25b; 28b) light receiving elements, 
the arrangement being such that the output of the 
second light receiving element is a multiple of the 
output of the first light receiving element in de- 
pendence upon the operational position of the 
composite magnetic head. 

3. An apparatus as claimed in daim 2, wherein in 
each operational position of the composite mag- 
netic head a constant area of the first light receh^- 
ing element is exposed to light from the light emit- 
ting means (26) whilst the area of the second light 
receiving element exposed to light from the light 
emitting means varies in dependence upon the 
operational position of the composite magnetic 
head. 

4. An apparatus as claimed in daim 3, wherein the 
first light receiving element is positioned so that 
the tape does not obstruct light from the tight 
emitting means, whereas the second element is 
positioned so that an edge of the tape obstructs 
light passing to th second lement in d pend- 
enceuponth operati nal position of the compo- 
site magnetic head. 
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5. An apparatus as claimed in claim 4. wherein th 
quantity of tight received by th s cond light re- 
ceiving I ment at ach operational position of 
the composite magnetic head Is an integer multi- 
ple of the light received by the first element, 
wherein the integer multiple corresponds to the 
respective operational position. 

6. An apparatus as claimed in any one of the pre- 
ceding claims, wherein the light receiving means 
(25a, 25b) Is mounted to and movable with the 
composite magnetic head. 

7. An apparatus as claimed in any one of claims 1- 
5, wherein the optical system Includes a slit plate 
(27) mounted to the composite magnetic head 
and movable therewith, the slit plate being mov- 
able between the light emitting means (26) and 
light receiving means (28a, 28b) and having aper- 
fufe means (i^7a, 27B) therein which' c^^^ 
pattern of I ight transmitted to the first and second 
I ight receiving elements lii depe nderice u pon the 
operational Fk)sltion oMhe composite magnetic 
head. 

3. An apparatus as claimed in claim 7, wherein the 
aperture means comprises a first aperture (27a) 
allowing a constant area of said first light receiv- 
ing element (28a) to be Illuminated by said light 
emitting means (26) and a second aperture (27b) 
illuminating an area of the second element (28b) 
in dependence upon the operational position of 
the composite magnetic head. 

9. An apparatus as claimed in dalm 1, vy herein 
three or more spaced apart light receiving ele- 
ments (Dai-Da^, Dbi-Dbs) are provided adjacent 
an edge of the tape, the arrangement being such 
that outputs of selected ones of the light receiving 
elements have predetermined relationships In 
each of the operational positions. 

10. An apparatus as claimed in dalm 9, wherein for 
each operational position the output of a selected 
light receiving element (Dai-Das, DbrDbs) 
equals the sum of the outputs of two other select- 
ed light receiving elements (Da^-Das, Dbi-Dbs). 

11. An apparatus as claimed in dalm 9 or claim 10, 
wherein the light receiving elements are mounted 
to and movable with the composite magnetic 
head. 



13. An apparatus as daimed in claim 12, wher in the 
pitch d|betw nth nds of adjacent light r ceiv- 
ing elements Dai and Dan^i In th lateral (Y) direc- 
tion of the tap is d termined according to: 

5 d| = d when i ^ 2 

and 

d, = (i - 2) d when 3 ^ I ^ n - 1 
where d is the pitch of the tracks on the 
magnetic tape and n is the number of light recelv- 
10 ing elements. 

14. An apparatus as daimed in any one of dalms 9 
to 12, wherein the light receiving elements are of 
constant width In the longitudinal direction (X) of 

15 said tape. 

15. An apparatus as daimed in claim 9 or dalm 10 
wherein the optical system indudes a slit plate 
(31) mounted to the composite magnetic head 

"20 ' arid movalire'thSewith, the silt plate (31) being 
movable between the light emitting means (26) 
J SLvid the lightjBceiving elerhents (Dbi - Dbs) and 
having aperture means (Ai - A5) which selectively 
allows light to pass from the light emitting means 

25 (26) to selected ones of the light receiving ele- 
ments (Dbi - Dbs, 32) In a pattern dependent 
upon the operational position of the composite 
magnetic head. 

30 1 6. An apparatus as daimed in claim 1 5, wherein the 
aperture means (Ai-Ag) comprises a plurality of 
slits (Ai-Ae), each said slit being arranged to al- 
low light to pass from the light emitting means 
(26) to a respective light receiving element (Dbi 

, 35 - Dbs) In selected ones of the operational posi- 
tions of the composite magnetic head. 

17. An apparatus as daimed in claim 16, wherein the 
pitch d| between the ends of the adjacent slits A| 

40 and Ai+i of the slit plate (31) In the lateral direction 
(Y) of the magnetic tape is determined according 
to: 

dt = d when i ^ 2 
d, = (i - 2d) Y^en 3 ^ I ^ n - 1 
45 where d is the pitch of the tracks on the 

magnetic tape and n is the number of slits In the 
slit plate. 

18. Apparatus according to any one of dalms 15 to 
so 17. wherein the slits (Ai - A5) are all of constant 

width (f) In the longitudinal (X) direction of said 
tape. 



12. An apparatus as claimed In daim 11, wherein the 
light receiving el ments are in perati n dis- 
placed by diff ring amounts from an edge f th 
tap . 



19. An apparatus as daimed In daim 1. wherein a 
55 plurality of light receiving elements (Dai - Dae, 

Dbi - Dbs; Dii - Die, Dji - Dje; Dbi - Dbj. Dai - Dag) 
are provided adjacent each edg fth magnetic 
tap . 
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20. An apparatus as claimed in daim 1 9, wherein the 
number of light receiving lements adjacent ach 
edge of the tap is equal to th number of opera- 
tional positions. 

21. An apparatus as claimed in daim 20 or daim 21, 
wherein pairs of light receiving elements (Dai - 
Dae, Dbi - Dbe; Dli - Die, Dji -Dje; Dbi - Ob^, Dai - 
Da3 ) are arranged with one element of each pair 
adjacent each side of the magnetic tape, the ar- 
rangement being such that the outputs of each 
pair of light receiving elements satisfy a predeter- 
mined relationship when the composite magnetic 
head is in a respective one of the operational pos- 
itions. 

22. An apparatus as claimed in daim 21 , wherein the 
predetermined relationship is that the outputs of 
the light receiving elements of a pair of light re- 

' ceiving elements are ba^^^^ 

23/An apparatus a^^ dam 21 or 22, 

' wherein the light receiving elements ar^ 
to said composite magnetic head and nrK>vable 
therewith, the light receiving elements being 
positioned so that light receiving elements of re- 
spective pairs of light receiving elements are sub- 
stantially aligned with respective edges of the 
magnetic tape in each respective operational 
position. 

24. An apparatus as daimed in daim 21 or daim 22, 
wherein the optical system Includes a slit plate 
(37) mounted to the composite magnetic head 
and movable between the light emitting means 
(43) and the light receiving elements (Dli - Die* Dji 
- Dje) having aperture means (Sii - Sie, Sji - Sje) 
therein which allows light to pass to respective 
pairs of the light emitting elements in each re- 
spective operational position. 



composite magn tic head is in each operational 
position. 

28. An apparatus as daimed in any one of th pre- 
5 ceding claims induding head operating means 

capable of moving said combination head in the 
widthwise directbn of said tape. 

29. An apparatus according to any one of the preced- 
10 ing daims, wherein said composite magnetic 

head is supported between free ends of two par- 
allel leaf springs (57a, 57b). 

30. An apparatus as daimed in any one of the pre- 
15 ceding dainns, wherein the control means in- 
cludes a voice coil type linear motor (59) for set- 
ting and maintaining the composite head at a se- 
lected one of said operational positions. 

20 31. An apparatus as daim in claim 30, wherein the 
voice coil type linear motor has a nriagnetic circuit" 
' " wh'cli is closed in the direction of the cpmposjte 
magnetic head and in the direction of the magnet- 
ic tape, 

25 ^ ' . 

32. An apparatus according to claim 30 or daim 31, 
when dependent on claim 29 further induding a 
support means (53) disposed between the free 
ends of the parallel leaf springs (57a, 57b), the 

30 support means supporting the composite mag- 
netic head and being responsive to movement of 
the coil of the voice coil type linear nrK>tor to set 
and maintain the operational position of the com- 
posite magnetic head. 

33. An apparatus as daimed in claim 32, wherein the 
voice coil is connected to the support means in 
such a manner that force from the voice coil is ap- 
plied in the vicinity of the centre of gravity of the 

40 support means. 



25. An apparatus as claimed in daim 24, wherein the 
light receiving elements are arranged along the 
edges of said magnetic tape and the aperture 
means comprises a plurality of apertures (Sii - 
Sie, Sji - Sje) which permit light to pass to a re- 
spective pair of light receiving elements in each 
respective operational position. 

26. An apparatus as claimed In any one of daims 1 
and 23 to 25 wherein said light emitting means 
transmits light past both edges of the tape. 

27. An apparatus as claim d In any one of th pre- 
ceding daims wherein said light receiving means 
are s dispos d that outputs from said light re- 
ceiving elements hav a pred termin d relation 
which governs said control means wh n said 



34. A serpentine type magnetic recording/reproduc- 
ing system incorporating the apparatus of any 
one of the preceding daims. 

45 

Patentanspriiche 

1. MagnetischesAufzeichnungs-/Wledergabeger§t 
50 mit einem Verbundmagnetkopf (13; 21 ; 51 ; 67) mit 
einer Anzahl von Aufzeichnungs-ZAbspielkopfen 
(Wi^ Ri^; Wi_is, Ri-ie). deren Anzahl kleinerals 
die Anzahl von Spuren (24; 66; ist. die auf 
in mMagnetband(11;23;52;65)parall Izuein- 
S5 and r in d r Richtung (X) v rhanden sind, in d r 

das Band liuft, wob I d r V rbundk pf relativ 
zum Mag net band in Breitenrichtung (Y) des 

19 
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Bands in eine Anzahl von B triebspositionen ver- 
stellbar ist. in den n di Kopf jeweils mit elnem 
ntsprechenden Satz g wunscht r Spuren aus- 
gericht t sind, gek nnz ichnet durch ine 
Steuemngseinrichtung zum Einsteilen und Fest- 
halten des Verbundkopfs in einer ausgewShlten 
unter den Positlonen, wobei die Steuemngsein- 
richtung ein optisches System (26. 22; 26. 27, 22; 
26, 29; 26. 31. 32; 36. 33; 43. 37. 38; 63, 68) mit 
einer Lichtemlssionseinrichtung (26; 36; 43; 63) 
und einer Lichtempfangseinrichtung (25a. 25b; 
28a. 28b; 30; Dbi^; 34. 35; 39. 40; 69. 70) mit 
mehreren Elementen. die an entgegengesetzten 
Seiten des Bands angeordnet sind. aufweist. und 
die so ausgebildet ist. dad sle Licht an minde- 
stens einer Kante des Bands vorbei auf seiche 
Weise ubertragt. da& das Muster des an die 
mehrelementlge Lichtempfangseinrichtung uber- 
tragenen Lichts von der Betriebsposition des 
~ Verbundkopfs relativ zum Band abhihgti T 

2.33.er?V,nf9h,A I.Jbei denffdle.LIc^^ 

fangsSririchtung ein eretes (25a; 28a) und ein 
zweites (25b; 28b) Lichtempfangsetement auf- 
weist. wobei die Anprdnung dergestalt ist. da& 
das Ausgangssignal des zweiten Uchtempfangs- 
elements ein Mehrfeches des Ausgangssignals 
des ersten Lichtempfangselements abhangig 
von der Betriebsposition des Verbundmagnet- 
kopfs Ist 

3. Gerat nach Anspruch 2. bel dem in jeder Be- 
triebsposrtipn des^ Verbundmagnetkopfs ejne^ 
konstante FISche des ersten Lichtempfangsele- 
ments Licht von der Lichtemlssionseinrichtung 35 
(26) ausgesetzt 1st. wahrend slch die Flache des . 
zweiten Lichtempfangselements. das Licht von 

der Lichtemlssionseinrichtung ausgesetzt 1st, ab- 
hingig von der Betriebsposition des Verbundma- 
gnetkopfs andert 40 

4. Gerat nach Anspruch 3, bel dem das erste Licht- 
empfangsetement so posltioniert ist. da& das 
Band das Licht von der Lichtemisslonselnrich- 
tung nicht verdeckt. wohlngegen das zwelte Ele- 45 
ment so positionlert ist, dad eine Kante des 
Bands Lichts zum zweiten Element laufenden 
Lichts abhingig von der Betriebsposition des 
Verbundmagnetkopfs spent. 

50 

5. Gerat nach Anspruch 4, bel dem die Menge des 
vom zweiten Lichtempfangselement in jeder Be- 
triebsposition des Verbundmagnetkopfs empfan- 
g n n Uchts In ganzzahllges VIelfaches d s 
vom erst n Element empfangenen Lichts 1st. wo- 55 
b I das ganzzahlige VIelfach einer jeweliigen 
Betriebsposition ntspricht 



6. G rat nach elnem der vorstehenden Anspruche. 
beld mdi Lichtempfangs inrichtung (25a, 25b) 
am V rbundmagn tkopf angebracht und mit die- 
s m verstellbar Ist. 



Kante des Bands vorhanden sind. wobei die An- 
ordnung dergestalt ist, da& die Ausgangssignale 
ausgewahjter Lichtempfangselemente In jeder 
der Betriebspositionen vorgegebene Bezlehun- 
gen einhalten. 

10. Gerat nach Anspruch 9, bel dem das Ausgangs- 
signal eines ausgewahlten Lichtempfangsele- 
ments (Dai - Da5. Dbi - Dbs) fur jede Betriebspo- 
sition der Summe der Ausgangsslgnalen zweler 
anderer ausgewahlter Lichtemp^ngselemente 
(Da^ - Das. E)bi - Dbs) gleich Ist. 

11. Ger3t nach Anspruch 9 Oder Anspruch 10, bel 
dem die Lichtempfangselemente am Verbundma- 
g net kopf angebracht sind und mit diesem ver- 
stellbar sind. 

12. GerSt nach Anspruch 11, bel dem die Lichtemp- 
fangselemente im Betrieb um verschledene Aus- 
ma&e gegenOber einer Kante des Bands versetzt 
sind. 

13. Ger3t nach Anspruch 12, b i dem die Schrittwei- 
t D| zwischen d n Enden benachbarter Licht- 
empfangselement Ddi und Da^i in Qu6r(Y)- 
Richtung des Bands wi f Igt festg 1 gt Ist: 

dt = d. wenn i ^ 2 gilt 



5 

7. GerSt nach elnem der Anspruche 1-5, bel dem 
das optische System eine Schlitzplatte (27) auf- 
weist. die am Verbundmagnetkopf angebracht Ist 
und mit diesem verstellbar Ist und zwischen der 

10 Lichtemissbnseinrichtung (26) und der Licht- 
empfangseinrichtung (28a. 28b) verstellbar ist 
und eine Offnungseinrichtung (27a. 27b) beinhal- 
tet. die das Muster des zum ersten und zweiten 
Lichtemp^ngselement ubertragenen Lichts at>- 
15 h§nglg von der Betriebsposition des Verbundma- 
gnetkopfs steuert. 

8. Gerat nach Anspruch 7. bel dem die Offnungsein- 
richtung eine erste Offnung (27a), die es ermog- 

20 licht. daE'elne konstante Fliche des ersten Licht- 
''empfangseleme^^ von der Lichtemissl- 

-.^ ^ l^nsemnchiun^^ beleuchtet wird, und eine 
" ^ zwelte' SiFfrfung"* (27b) aufweist, die eine Flache 
des zweiten Elements (28b) abhangig von der 
25 Betriebsposition des Verbundmagnetkopfs be- 
leuchtet. 

9. Gerat nach Anspruch 1 , bel dem drei oder mehr 
vonelnander beabstandete Lichtempfangsele- 

30 mente (Da^ - Das, Dbi - Dbs) angrenzend an eine 
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und 

di = (i - 2) * d, w nn 3 ^ i ^ n - 1 gilt 
wob i d die Schrittweit derSpur naufd mMa- 
. gnetband ist und n die Anzahl von Lichtemp- 
fangselementen ist. 5 

14. Gerat nach einem der Anspruche 9 bis 12, bel 
dem die Lichtempfangselennente in Langsrich- 
tung (X) des Bands konstante Breite aufweisen. 

15. Gerat nach Anspruch 9 Oder Anspruch 10, bei 
dem das optische System eine Schlitzplatte (31) 
aufweist, die am Verbundmagnetkopf ange- 
bracht ist und mit diesem verstellbar ist und die 
zwischen der Lichtemissionseinrichtung (26) und 
den Lichtempfangselementen (Db^ - Dbs) ver- 
stellbar ist und eine Offnungseinrichtung (Ai - Ag) 
aufweist, die es ermoglicht, da& Licht selektrv 
von der Lichtemissionseinrichtung (26) zur Aus- 
gew§hiten dier LicHtempfehgselemente"(Db"i 
Dbs. 32) mit eihem Muster durchlSuft, das von der 
Betriebsposition des yerbuhdmagnetkopfs ab- 
hangt.^ ' 

16. Gerit nach Anspruch 15, bei deni die Offnungs- 25 
' einrichtung (A^ - A^) mehrere Schlitze (Ai - As) * 

aufweist, die jeweils so ausgebildet sind, da& sie 
es erlauben, da& in Ausgewahlten der Betrlebs- 
positionen des Verbundmagnetkopfs Licht von 
der Lichtemissionseinrichtung (26) zu einem je- 30 
weiligen Lichtempfangselement (Dbi - Dbs) 
durchtritt 

17. GerSt nach Anspruch 16, bel dem die Schrittwei- 
te di zwischen den Enden benachbarter Schlitze . 
A| und A|^i in der Schlitzplatte (31) in QueriricB-' 
tung (Y) des Magnetbands wie folgt festgelegt ist 

d| = d. wenn i ^ 2 gilt 

und 

d| = (i - 2) • d. wenn 3 ^ i ^ n - 1 gilt 
wobei d die Schrittweite der Spuren auf dem Ma- 
gnetband ist und n die Anzahl von Lichtemp- 
fangselementen ist. 

18. Gerdt nach einem der Anspruche 15 bis 17, bei 
dem die Schlitze (Ai - As) alle konstante Breite (f) 
in Langs(X)- Richtung des Bands aufweisen. 

19. GerSt nach Anspruch 1, bei dem mehrere Licht- 
empfangselemente (Dai - Dae. Dbi - Dbe; Dii - 
Die, Dji - Dje; Dbi - Oa^ - Da^) angrenzend 
an jede Kante des Magnetbands vorhanden sind. 

20. Gerdt nach Anspruch 19, bei dem die Anzahl von 
Lichtempfangselementen angrenzend an jede 
Kant des Bands der Anzahl von Betriebspositio- 
nen entspricht 



21. Ger§t nach Anspruch 20 oder Anspruch 21, bei 
d m Paare von Lichtempfangselem nt n (Dai - 
Da©, Dbi - Dbe; Dii - Di©, Dji - Dje; Dbi - Dbs, Dai 
- Das) so angeordn tsind, da& in El m ntjedes 
Paar angrenzend an jede Seite des Magnet- 
bands angeordnet ist, wobei die Anordnung fer- 
ner dergestalt ist, da& die Ausgangssignale jedes 
Paar von Lichtempfangselementen einer vorge- 
gebenen Beziehung genugen. wenn sich der Ver- 
bundmagnetkopf in einer jeweiligen der Betriebs- 
positionen bef indet 

22. Gerat nach Anspruch 21 , bei dem die vorgegebe- 
ne Beziehung dergestalt ist, da& die Ausgangssi- 
gnale der Lichtempfangselemente eines Paars 
Lichtempfangselemente gleich sind. 

23. Gerat nach einem der Anspruche 21 oder 22, bei 
dem die Lichtempfangselemente am Verbundma- 

\ ghetkopf ahgebracht sind und mit diesem visr- 
stellbar sind, wobei die Lichtempbhgselemente 
so posltioniert sind, daR in jeder jeweiligen Be^- 
triebsposition die Lichtempfangselemente jewei- 
liger Paare von Lichtempfangselementen im we- 
sentlichen mit den jeweiligen Kanten des Ma- 
gnetbands ausgerichtet sind. 

24. Gerat nach Anspruch 21 oder Anspruch 22, bei 
dem das optische System eine Schlitzplatte (37) 
aufweist die am Verbundmagnetkopf ange- 
bracht ist und zwischen der Lichtemissbnsein- 
richtung (43) und den Lichtempfangselementen 
(Dii - Dje, ..EJji ", Dje). verstellbar ist, mit Offnungs- 
einrichtungen (Sii - Sie, Sji - Sje). die es errn5gli: 
Chen, daE Licht in einer jeweiligen Betriebsposh 
tion zii jeweiligen Paaren von Lichtemisstonsele- 
menten hindurchtritt. 

25. Ger§t nach Anspruch 24, bei dem die Lichtemp- 
fangselemente entlang der Kanten des Magnet- 
bands angeordnet sind und die Offnungseinrich- 
tung mehrere dffnungen (Sii - Sie, Sji - Sje) auf- 
weist, die es ermdglichen, dad Licht in jeder je- 
weiligen Betriebspositk)n zu einem jeweiligen 
Paar von Lichtempfangselementen hindurchtre- 
ten kann. 

26. Gerat nach einem der Anspruche 1 und 23 bis 25, 
bei dem die Lichtemissionseinrichtung Licht uber 
beide Kanten des Bands strahIL 

27. Gerat nach einem der vorstehenden Anspruche, 
bei dem die Lichtempfangseinrichtungen so an- 
ge rdnet sind, da& die Ausgangssignale dersel- 
ben eine vorgegeben B zi hung einhalt n, die 
di Funkti n d r R gelungseinrichtung be- 
stimmt, wenn sich der Verbundmagnetkopf in ei- 
ner j w iligen B tri bsposition bef indet. 
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28. G rat nach inem der vorstehend n Anspruch . 
mit iner Kopfb tatigungseinrichtung, di den 
Kombinationskopf in Br itenrichtung des Bands 
V rstellen kann. 

29. Gerdt nach einem der vorstehenden Anspruche, 
bei dem der Verbundmagnetkopf zwischen den 
freien Enden zweier paralleler Btattfedern (57a, 
57b) gehalten wird. 

30. Gerit nach einem der vorstehenden Anspruche. 
bei dem die Steuerungseinrichtung elnen 
Schwingspule-Linearmotor (59) zum Einstellen 
und Beibehalten des Verbundkopfe in einer Aus- 
gewahlten der Betriebspositionen aufweist. 

31. Gerat nach Anspruch 30, bei dem der Schwing- 
spule-Linearmotor einen Magnetkreis aufweist, 
der in der RIchtung des yerbundmagnetkopfs 
und der Richtuhg des Magnetbiands geschlbssen 

""■'isf' " _ 

32. Gerat nach Alispruch 30 dder Arispruch 31 in Afc^ 
hangigkeit von Anspruch 29, ferner mit einer Hal- 
teeinrichtung (53), die zwischen den freien En- 
den der parallelen Blattfedern (57a, 57b) ange- 
ordnet ist und den Verbundmagnetkopf tragt und 
auf eine Verstellung der Spule des Schwingspu- 
le-Linearmotors anspricht, um die Betriebspositi- 
on des Verbundmagnetkopf einzustellen und 
aufrecht zu erhalten. 

33. Gerat nach Anspruch 32, bei dem die Schwing- 
spule auf solche Weise mit der Halteeinrichtung 
verbunden ist, daQi die Kraft von der Schytnng^ 

le Ih'der 'Nafie der Schwerkraft der Halteeinrich- 
tung wirkt. 

34. Magnetisches Aufzelchnungs-ZWiedergabesystem 
vom Mdandertyp mit einem Gerdt nach einem der 
vorstehenden Anspruche. 



Revendications 

1 . Appareil d'enregistrement / reproduction magnd- 
tlque comportant une tdte magndtique composite 
(13; 21; 51; 67) ayant un certain nombre de t^tes 
d'enregistrement reproduction (Wi^, Ri_8; Wi_i6, 
F^i-ie) qui est inf^rieur au nombre de pistes (24; 
66; qui sont pr^vues sur la bande magnStl- 
que (11; 23; 52; 65) parall^lement les unes aux 
autres et dans la directton (X) de defilement de 
la band , ladite t3te composite ^tant apt k §tre 
d^plac^e par rapp rt ^ la band magnStique 
dans la directi n (Y) de la largeur de la bande jus- 
qu'd un certain n mbre d posittons d foncti n- 



nement k chacune d squelles lesdites t§tes sont 
aligns s avec un ensembt resp ctif de pist s 
souhaitS s parmi lesdites pist s, caractSrisd par 
lepras ncedemoy nsd commande pourr6gler 

5 et maintenir ladite tete composite k une position 

selection nSe parmi lesdites positions, lesdits 
moyens de commando comprenant un syst6me 
optique (26, 22; 26. 27, 22; 26. 29; 26. 31. 32; 36. 
33; 43, 37, 38; 63, 68) ayant des moyens 6met- 

10 teurs de lumidre (26; 36; 43; 63) et des moyens 
rScepteurs de lumidre ^ elements multiples (25a, 
25b; 28a, 28b; 30; Db^^ 34, 35; 39. 40; 69, 70) 
disposes sur des cdtSs opposes de la bande et 
agenc6s de mani^re d transmettre de la lumi^re 

15 pour qu'elle franchisse au moins un bord de la 
bande de telle sorte que la configuration de lu- 
mlSre transmise auxdits moyens rScepteurs de 
lumi^re k elements multiples dSpende de ladite 
posiition de foncttonnenrient de la tSte composite 

20 par rapport d la bande. 

^ * 2. ^ApparcjU^^^^ ia revendicatton 1 , dans lequel les 
moyens rScepteurs de lumiSre comprennent des 
premier(25a; 28a) etsecond (25b; 28b) elements 

25 ^ r6cepteursde iunrii6re, leur^ 

que la sortie du second element r^cepteur de lu- 
mi&re soit un multiple de la sortie du premier 616- 
ment r6cepteur de Iumi6re en fbnction de la posi- 
tion de foncttonnement de la tdte magn6tique 

30 composite. 

3. Appareil selon la revendicatlon 2, dans lequel, 
. pour, cheque position de fonctionnement de la 

tdte magn6tique composite, une superf icie cons- 
.35 _ . , J^nte dudit premier 6l6ment r6cepteur de Iumi6re 
est expos6e ^ la Iumi6re en provenance desdjts 
moyens 6metteurs de Iuml6re, tandis que la 
superficie du second 6l6ment r§cepteur de lu- 
mi6re expos6e d la lumidre en provenance des 
40 moyens 6metteurs de lumidrs varie en fonction 
de la position de fonctionnement de la tdte ma- 
gn6tique composite. 

4. Appareil selon la revendicatlon 3, dans lequel le 
45 premier 6l6ment rdcepteur de Iumi6re est posi- 

tionnS de telle sorte que la bande ne bloque pas 
la Iumi6re en provenance des moyens 6metteurs 
de Iumi6re, tandis que le second 6l6ment est po- 
sltionn6 de telle sorte qu'un bord de la bande em- 
50 pdche la Iumi6re de parvenir au second 6l6ment 
en fonction de la position de fonctionnement de 
la t6te magn6tique composite. 

5. Appareil selon la revendk:ation 4, dans I qu I la 
55 quantity de Iumi6re r par I second 6l6ment 

r6c pteur d Iumi6re pour chaqu position d 
fonctionnement la tdte magn6tiqu composite est 
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un multipl entier de la lumi^re r gue par le pre- 
mier 616m nt. le multipl ntl r correspondant ^ 
la position d fonctionn m nt resp ctiv . 

6. Apparel! selon I'une quelconque des revendica- 5 
tions pr6c6dentes, dans lequel les moyens r6- 
cepteurs de Iumi6re (25a, 25b) sont months sur 

la t6te magn6tlque composite, avec laquelle lis 
sont aptes d se d6ptacer. 

10 

7. Appareit selon Tune quelconque des revendica- 
tions des revendications 1 d 5, dans lequel le sys- 
t6me optique comprend une plaque k fentes (27) 
mont6e sur la tSte magn6tlque composite est 
apte d se d6placer avec cette derni6re, la plaque 15 
k fentes 6tant apte d se d6placer entre les 
moyens 6metteurs de Iumi6re (26) et les moyens 
r6cepteurs de Iumi6re (28a, 28b) et comportant 

des Pfioyens formant ouverture (27a, 27b) qui 
commahdehtlia configuration deluiTii^retranismi- 20 
se'^aux premier et second 6l6rhe his r6cep^^^ 
^ lumi^re eh fqnciion^ la position de fqnrtionn^^ ] 
ment de la t§te magn6tique composite.' 

8. Appareil selon la revendication 7, dans lequel les 25 
mbyehs formant ouverture comporten^t une pre^ 
mi6re ouverture (27aj permetlant rillumi nation 

par lesdits moyens 6metteurs de lumidre (26) 
d'une superf icie constante dudit premier 6l6ment 
r6cepteur de Iumi6re (28a), ainsi qu'une seconde 30 
ouverture illumlnant une superficie du second 
6l6ment (28b) en fonction de la position de fbnc- 
tionnement de la t§te magn6tique comp<>site. 

9. Appareil selon la revendication 1, dans lequel 35 
I ' t ro£,~ou plus de trbis, "6li&mehts rfe'ce pVeulrsde lu- ' " 

mi6re (bai k Das, ^ Dbs)), espac6s les uns 
des autres, sont pr6vus k proximity d'un bord de 
la bande, Tagencement 6tant tel que des sorties 
d'6l6ments s6lectionn6s parmi lesdits 6l6m6nts 40 
r6cepteurs de tumi6re pr6sentent des relations 
pr6d6termin6es pour chacune des positions de 
fonctionnement 

10. Appareil selon la revendication 9, dans lequel, 45 
pourchaque position de fonctionnement la sortie 
d'un 6l6ment r6cepteur de Iumi6re (Da^ d Das, 

Dbt k Dbs) s6lectionn6 est 6gale d la somme des 
sorties de deux autres 6l6ments rScepteurs de 
Iumi6re (Dai ^ Das, Dbi d Dbs) s6lectionn6s. so 

11. Appareil selon la revendication 9 ou la revendica- 
tion 10, dans lequel les 6l6ments r6cepteurs de 
Iumi6re sont months sur la tdte magn6tiqu 
composite et apt s d se d6placer avec celle-ci. 55 

12. Appareil selon la r vendicati n 11, dans lequel 
les 6l6ments r6cepteurs de Iumi6r sont d6pla- 



c6s, n fonctionnement, de valeurs diff6rentes, 
par rapport d un bord de la band . 

1 3. Appareit selon la revendication 12. dans lequel le 
pas d| entre les extr6mit6s des 6l6ments r6cep- 
teurs de Iumi6re adjacents Da, et Da^i, dans la di- 
rection Iat6rale (Y) de la bande, est d6tenmin6 de 
la mani6re suivante: 

d| = d lorsque i ^ 2 

et 

d| = (i - 2) d lorsque 3 ^ 1 ^ n - 1 

oCi d est le pas des pistes sur la bande ma- 

gn6tique et n est le nombre d'6l6ments r6cep- 

teurs de Iumi6re. 

14. Appareil selon Tune quelconque des revendica- 
tions 9^12, dans lequel les 6I6ments r6cepteurs 
de Iumi6re sont de largeur constante dans la di- 
rection longitudinale (X) de ladite bande. 

1 5. Appareil selon la revendication 9 ou la revehdica- 
_ tiqn iO^jJans lequel les^^ 

urie plaque ^ fentes (31) mont6e sur la tdte ma- 
gn6tique composite et apte k se d6placer avec 
cette derni6re, la plaque k fentes (31) 6tant apte 
^1 se d6pjacer entre les moyens 6metteurs de [u- 
mi6re (26) et les 6l6ments r6cepteurs de Iumi6re 
(Dbi k Dbs) et comportant des moyens formant 
ouverture (A^ ^ A5) qui penmettent d la lumidre, de 
fa^on selective, de passer, des moyens 6met- 
teurs de Iumi6re (26) d des 6l6ments s6lection- 
n6s parmi les 6l6ments r6cepteurs de Iumi6re 
(Dbi ^ Dbs,. 32) suivant une configuration depen- 
dant de la position de fonctionnement de la t6te 
magn6t|que composite, 

16. Appareil selon la revendication 15, dans lequel 
les moyens formant ouverture (Ai k As) compor- 
tent une multiplicity de fentes (Ai k As), chacune 
desdites fentes 6tant agenc6e de nnani6re k lais- 
ser passer de la Iumi6re depuls les moyens 6met- 
teurs de Iumi6re (26) jusqu'd un 6l6ment r6cep- 
teurde Iumi6re respectif (Dbi ^ Dbs) pour des po- 
sitions s6lectionn6es parmi les positions de fonc- 
tionnement de la t6te magn6tique composite. 

17. Appareil selon la revendication 16, dans lequel le 
pas d| entre les extr6mit6s des fentes A{ et A^+i ad- 
jacentes de la plaque k fentes (31) dans la direc- 
tion Iat6rale (Y) de la bande magn6tique est de- 
termini de la nnanidre suivante: 

d| = d lorsque i ^ 2 
d| = (I - 2d) lorsque 3 ^ i ^ n - 1 
oudesti pas des pistes sur la band ma- 

gn6tique t n est le nombre d fentes de la plaqu 

k fentes. 

18. Appareil selon Tune quelconque d s r vendica- 
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tions 15^17, dans! quellesf ntes(AidA6)sont 
tout s d'un largeur constant (f) dans la dir o 
tion longitudinal pC) d ladit bande. 

19. Appareil selon la revendicatlon 1, dans lequel 
une multlpliclt6 d'6l6ments r6cepteurs de Iumi6re 
(Dai ^ Dae, Db, d Dbe; Dii ^ Die, O'h d Dje; Dbi d 
Dba. Da^ d Daa) sent prdvus d proximity de cha- 
que bord de la bande magn^tique. 

20. Appareil selon la revendicatlon 19, dans lequel le 
nombre d'6l6ments r6cepteurs de lumi^re adja- 
cents k chaque bord de la bande est 6ga\ de pr^ 
f^rence au nombre de positions de fonctionne- 
ment. 



25. Appareil selon la revendicatlon 24, dans lequel 
les ^l^ments r^cepteurs de lumi^r sont dispo- 
se le long des bords de ladit bande magn^tiqu 

1 1 s moyens forma nt ouv rture s composent 
5 d'une multiplicity d'ouvertures (Sii d SIq, Sji k 

Sje)qui pemnettent ^ la lumi^re de parvenir jus- 
qu'd une paire respective d'^l^ments r^cepteurs 
de lumi^re pour chaque position de fonctionne- 
ment respective. 

26. Appareil selon Tune quelconque des revendica- 
tions 1 et 23 d 25. dans lequel lesdits nrrayens 
dmetteurs de lumi^re ^mettent de la tumi^re de 
mani^re d ce qu'ellef ranch isse les deux bords de 

15 la bande. 



21. Appareil selon la revendicatlon 20 ou la revendi- 
catlon 21 , dans lequel des paires d'616ments r6- 
cepteurs de lumi^re (Dat d Da^, Dbi ^ Dbe; pii d 

Die, Dji ^ Dje; Dbi ^ Dba, Dai ^4 Das) spht dispo- .20 
s6es de telle soite qu'un yi^mentde chaque pa lire 
sojt adjacent ^( dhaque biDrd de la bjande rhagn^^^ * ] 
tique. Tag e ncemenf 6tent' tel" que les sorties "de 
chaque paire d'^l^ments r^cepteurs de lumi^re 
se conforment d une relation pryd6termin6e iors- 25 
que ia tfite nriagniStique compositiB se trouve h 
une position respective parmines'pos^^^ 
fonctionnement 

22. Appareil selon la revendicatlon 21 , dans lequel la ao 
relation pr6d6tennriin6e exige que les sorties des 

^dldments r^pteurs de lumidre d'une paire 
" d'^ISments rdcepteurs de lumi^re soient dquiii- 
br6s. 

^ 35 

i3.' Appareil selon la ' " " 
quel les moyens r^cepteurs de lumidre sont mon- 
ths sur ladite t§te magn^tique composite et sont 
aptes ^ se d^placer avec cette derni^re, les 616- 
ments r^cepteurs de lumi^re 6tant positionn6s 40 
de sorts que les 6l6ments rScepteurs de lumi^re 
de paires respectives d'6l6ments rdcepteurs de 
lumi^re soient sensiblement align^s avec des 
bords respectifs de la bande magn^tique pour 
chaque position de fonctionnement respective. 45 

24. Appareil selon la revendicatlon 21 ou la revendi- 
catlon 22, dans lequel le syst^me optique 
comprend une plaque k fentes (37) montSe sur la 
tSte magn^tique composite et apte k se d^placer so 
entre les moyens 6metteurs de lumidre (43) et les 
6l6ments r6cepteure de lumidre (Dii ^ Die, Dji k 
je) et comportant des moyens fbmriant ouverture 
(Sii ^ Sie, Sji d Sje) qui permettent 6 la lumi^re d 
parvenir jusqu*d des paires respectives d'6l6- 55 
ments 6metteurs de lumidre pour chaque posi- 
tion d fonctionn mentr spectiv . 



27. Appareil selon Tune quelconque des revendica- 
tions p|r6c6dentes, dans lequel lesdits moyens 
r^cepteurs de lumi^re sont agenc6s de telle sprte 
que des sorties en provenance desdits nrroyens 

r^cepteurs de lumi^re pr6sehtent des relations 

J pr6d6tel^^^ sont spurnis lesdits 

moyens decbnimande lorsque ladite tdte magn6- 
tique composite se trouve k chaque position de 
fonctionnement 

28. Appareil selon Pune quelconque des revendica- 
tions pr6c6dentes comprenant des moyens de 
commande de tSte aptes k d6placer ladite tSte 
composite dans la direction de la largeur de ladite 
bande. 

29. Appareil selon Tune quelconque des revendica- 
tions pr6c6dentes, dans lequel ladite tdte magn6- 
tique composite est support6e entre les extr^mi- 
't^sjibres d^^ h lame paralldles (57a, 

i57b)r" 

30. Appareil selon I'une quelconque des revendica- 
tions pr6c6dentes, dans lequel les moyens de 
commande comprennent un moteur lin^aire (59) 
du type k bobine mobile pour r^gler et malntenir 
la tSte composite k une position s6lectionn6e par- 
mi lesdites positions de fonctionnement 

31. Appareil selon la revendicatlon 1 0, dans lequel le 
moteur I in^aire du type k bobine nDobile comporte 
un circuit magnStique qui estferm6 dans la direc- 
tion de la tdte magn^tique composite et dans la 
direction de la bande magn^tique. 

32. Appareil selon la revendicatlon 30 ou la revendi- 
cation 31, loreque ce!les-ci dependent de la re- 
V ndication 29, comprenant en outre des moyens 
de support (53) qui sont disposes entre les extr6- 
mitis libres des ressorts k lame paralldles (57a, 
57b), les m yens d support supportant la t§t6 
magn^tique composit et 6tant sensibi s au 
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mouvement d la bobine du mot ur Unfair du 
typ bobine mobil pourr^ler tmaint nir la po- 
sition de fonctionnement d la f^te magn^tiqu 
composite. 

5 

33. Appareil selon la revendication 32, dans lequet la 
bobine mobile est relive aux moyens de support 
de mani^re ^ ce que la force en provenance de 
la bobine mobile soit appliqu^e au voisinage du 
centre de gravity des moyens de support. io 

34. Syst^me d' enregistrement/reproduction magn6- 
tique du type d serpentin incorporant Tappareil 
selon Tune quelconque des revendications pr6- 
cSdentes. is 
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Fig. 5a 
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Fig. 9a 
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Fig. 13a 
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Fig. 14 
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